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===) A previous paper (1) data have been presented which 


fy indicate that college women in whom the menarche occurs 

| | at an early age tend, on the average, to be slightly shorter 
<==) and heavier than those in whom it occurs relatively late. 
These relations are not entirely in accord with those which exist during 
the early phases of adolesence, when girls with early menarcheal ages 
are, on the average, both taller and heavier than those with late men- 
archeal ages (2). These facts suggest that from late childhood to 
adult life changes in the relationships between menarcheal age and 
physique occur and that their nature may vary with chronological age. 
In the present paper data are presented on the following topics: 
(1) a comparison of the physical development of pubescent? and non- 


*Financed by a grant from the Committee for Research on Problems of Sex, 
National Research Council, and the Thomas Welton Stanford Funds for Psycho- 
logical Research. This is a portion of a larger study now in progress which deals 
with differences between the attitudes and interests of pubescent and non-pubescent 
girls of junior high school ages. 

*In this paper the terms pubescent and non-pubescent will be used interchange- 
ably with the terms postmenarcheal and premenarcheal in order to avoid cumber- 
some phrases resulting from using the latter as adjectives. 
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pubescent girls of the same ages, the ages ranging between 10% and 
16 years; (2) the physical development of girls, of the ages 12 to 16, 
who have been pubescent one year or less as contrasted with those 
who have been pubescent more than one year; and (3) the physical 
development of girls before the onset of the menses, ages ranging 
from 8% to 13% years, contrasting those who will become pubescent 
at a relatively early age with those who will become pubescent at a 
relatively late age. The data presented both confirm and supplement 
conclusions recently published by Boas (2), Flory (3), and Pryor (4). 


I. THE COMPARATIVE HEIGHT, WEIGHT, BI-ILIAC DIAMETER AND CHEST 
WIDTH OF PUBESCENT AND NON-PUBESCENT GIRLS OF THE SAME AGES 


The data consist of measures of height, weight, bi-iliac diameter, 
and chest width at the level of the nipple made by our trained assistants 
upon 1731 California girls of junior high school age. All girls of two 
junior high schools in Berkeley, two junior high schools in San José, 
and of the seventh, eighth, and ninth grades in Redwood City were 
examined. Chronological ages ranged from 10 years 7 months to I5 
years 12 months. Measurements on negroes, orientals, and south 
Europeans were discarded. Those presented are from typical middle 
class Caucasians of American birth. 

The assistants ascertained for each individual whether or not the 
menarche had been reached and, if so, the age at the time of first 
mensis. Care was exercised by the examiner to obtain the correct 
year and month by asking the pupil to relate it to some easily recalled 
landmark such as the school class, the season of the year, or to some 
experience that was well established in its relation to chronological 
age. In certain cases, the mother of the child was asked to cooperate 
in determining the menarcheal age. 

The distributions of measurements, grouped by six-month age in- 
tervals and according to pubescent status, are given in Tables 1 to 4. 
At each of the five six-month age intervals between 145 and 174 months 
there is a sufficient number of cases in both groups to warrant the 
use of ordinary tests of the significance of the difference between 
means. Table 5 shows that in the case of weight, chest width, and 
bi-iliac diameter, the means of the pubescent group are significantly 
higher at all of the ages involved. Inspection of Tables 2, 3, and 4 
suggests also that differences of the same kind probably hold for other 
ages reported but for which the numbers of cases are insufficient for 
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TABLE 1 


Heights of pubescent and non-pubescent girls grouped 
by six-month age intervals 





AGE IN PUB. OR HEIGHT (inches) 
MONTHS NON-PUB. 48 50 52 54 56 58 60 62 64 66 68 
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tests of significance to be used. On the average, pubescent girls are 
from 14.10 to 19.01 pounds heavier than non-pubescent girls; their 
bi-iliac diameters are from 1.23 to 1.63 centimeters greater; and their 
chests are from 0.82 to 1.38 centimeters broader. 

The greater size of the pubescent girls may be stated in terms of 
the time required for non-pubescent girls to grow in size an equal 
amount; 1.e., in terms of non-pubescent growth years. In these terms 
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TABLE 2 


Weights of pubescent and non-pubescent girls 
grouped by six-month age intervals 





AGEIN PUB.OR WEIGHT (pounds) 
MONTHS NON-PUB. 60 90 100 IIO 120 130 140 150 160 170 
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pubescent girls average from 3% to 4% growth years heavier, from 
2¥% to 3 growth years broader in bi-iliac diameter, and from 2 to 3 
growth years broader in chest width than non-pubescent girls. 
Height presents a slightly different situation. Tables 1 and 5 show 
that with advancing age, the superiority of pubescent girls over non- 
pubescents gradually decreases. For the age interval 175—180 months 
the difference becomes statistically insignificant (critical ratio is 0.76). 
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TABLE 3 


Bi-iliac diameters of pubescent and non-pubescent girls 
grouped by six-month age intervals 





AGEIN PUB.OR BI-ILIAC DIAMETERS (cm) 
MONTHS NON-PUB. 20 21 22 23 24 25 26 27 28 29 30 3! 








127— P 
132 
133 
138 
1390— 
144 
145— 
150 
15I— 
156 


3s7-- 
162 


163— 
168 


169— 
174 NP 


175— P 
180 NP 


181— P 
186 NP 
187—- P 
192 NP 











Colaalin: 

















Slo SASS SINS 








. _ 
'_ & i bain 





Data on university women previously published (1) suggest that at 
later ages the mean height of late pubescent girls equals and, finally, at 
the terminal stage of growth, slightly surpasses that of early pubescents. 

The problem of growth in pre- and post-menarcheal aged girls 
has been approached by use of regression lines which, together with 
the obtained means, are shown in figure 1. The regression coefficients 
are given in Table 6. In all cases a straight line adequately represents 





HUMAN BIOLOGY 


TABLE 4 


Chest widths of pubescent and non-pubescent girls 
grouped by six-month age intervals 





AGEIN PUB.OR CHEST WIDTH (cm) 





MONTHS NON-PUB. 19 20 21 22 23 24 25 26 27 28 29 30 
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the means for this age range. From an inspection of the regression 
lines and their coefficients, it is apparent that the means of the non- 
pubescent girls are increasing with chronological age more rapidly than 
those of the pubescent girls. Critical ratios given in Table 6 indicate 
that the differences in slopes of the regression lines approach signifi- 
cance in all cases. The regression lines for height are the only ones 
that meet in the age periods studied. This is in accord with our findings 
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TABLE 5 


Differences in mean physical measurements of pubescent 
and non-pubescent girls of the same age 





DIFFERENCE 


Moew>.—M non -puv. Moeuv.—M xror-pu. Taste. 





Weight (pounds) Height (inches) 


145-150 19.01 8.56 2.68 6.70 
151-156 16.00 6.98 2.32 7.16 
157-162 14.10 6.71 1.52 4.78 
163-168 15.13 6.38 1.98 6.92 
169-174 17.78 7.80 1.36 3.09 


Chest width (cm.) Bi-iliac diameter (cm.) 


145-150 1.38 6.52 1.63 6.32 
151-156 1.38 7.56 1.58 7.77 
157-162 0.97 5.26 1.23 6.31 
163-168 0.82 3.87 1.52 6.96 
169-174 1.13 4.61 1.38 6.42 





TABLE 6 


Regression coefficients of height, weight, bi-iliac diameter, 
and chest width upon chronological age in 
pubescent and non-pubescent girls 
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for university women(1). In the late adolescent years it was found 
that the regression lines cross and that the late maturing women are 
relatively the taller. This appears to be the terminal situation. In 
the case of weight, however, the early maturing girls are, at seventeen 
years, still the heavier, but by twenty and twenty-one years both groups 
are of the same average weight. This, also, appears to be the terminal 
situation (1). 

In this connection it is of interest to note that if the means of the 
combined pubescent and non-pubescent groups are plotted, the usual 
growth curve for this period results. This suggests that the familiar 
sharp rise in the height and weight curves which typically occurs 
prior to and just after the time of the menarche (4) may be primarily 
a function of the increasing incidence of those undergoing the pubes- 
cent spurt in growth rate. 


2. HEIGHT, WEIGHT, BI-ILIAC DIAMETER AND CHEST WIDTH IN RELATION 
TO LENGTH OF TIME PUBESCENT AND TO MENARCHEAL AGE 


The relationship between physical measurements and menarcheal 
age in the period after the onset of the menses will next be considered. 
The data for pubescent individuals in each age group have been sub- 
divided into two groups: (1) those who have been pubescent one 
year or less, and (2) those who have been pubescent more than one 
year. The number of individuals available hardly warrants further 
subdivision, but this would be desirable if additional cases were at 
hand. The data for these two groups of pubescent girls, distributed 
by chronological ages, are given in Tables 7 to 10. The significances 
of the differences between the means for five age groups are given in 
Table 11; the regression coefficients are shown in Table 12; and the 
regression lines and obtained means in Figure 2. While considering 
the differences between these groups the reader should keep in mind 
the following points: (1) when chronological age is kept constant and 
length of time since the menarche varied, menarcheal age is necessarily 
varied also; (2) when chronological age is varied and the time since 
the menarche is held constant, menarcheal age is necessarily varied; 
(3) for the group which has been pubescent one year or less the 
duration of pubescence at each chronological age averages approximately 
six months; (4) for the group that has been pubescent more than one 
year there is, with advancing chronological age, an increase in the mean 
number of months since the time of the first mensis; in this latter 
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TABLE 7 
Heights of girls (1) pubescent one year or less and 


(2) pubescent more than one year, grouped 
by six-month age intervals 





AGE IN PUB. HEIGHT (inches) 





MONTHS GROUP 52 54 56 58 60 62 64 
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group, therefore, there is a progressive increase in the mean duration 
of pubescence, whereas in the former the mean duration remains rela- 
tively constant. These inter-relationships greatly complicate the task 
of determining causal factors. 

Tables 7 to 11 indicate that, in general, the measurements for girls 
who have been pubescent more than one year are greater than those 
of the same ages who have been pubescent one year or less. Although, 
as shown in Table 11, reliabilities of the differences vary with each 
measure and at particular ages some of the differences are not signifi- 
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TABLE 8 
Weights of girls (1) pubescent one year or less and 


(2) pubescent more than one year, grouped 
by six-month age intervals 





AGE IN PUB. WEIGHT (pounds) 
MONTHS GROUP 70 80 100 I10 120 130 140 150 160 170 
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cant, nevertheless, when one considers the consistency in the trends 
throughout these independent samples there can be little doubt that 
the differences are real. Whether these obtained differences should 
be attributed to the effects of the differences in length of time pubescent 
or to the differences in menarcheal ages cannot be determined from the 
present data. 

Measurements of physique in relation to chronological age in the 
foregoing groups are further elucidated by the regression coefficients 
in Table 12 and the regression lines in Figure 2. Let us first consider 
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TABLE 9 
Bt-iliac diameters of girls (1) pubescent one year or less 


and (2) pubescent more than one year, grouped 
by six-month age intervals 





AGE IN PUB. BI-!1LIAC DIAMETER (cm) 





MONTHS GROUP 21 22 23 24 25 26 27 28 29 30 3! 
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the data for girls who have been pubescent one year or less. Here the 
situation is least complex because length of time since the menarche is 
held relatively constant and only menarcheal age is varied. Upon 
referring to the regression lines of Figure 2 and the appropriate re- 
gression coefficients of Table 12 one observes that in the case of weight 
and chest-width there is no evidence that the older girls of this age 
range are heavier or broader than the younger girls. This is a re- 
markable fact, for it has been demonstrated by comparisons of pubes- 
cent and non-pubescent girls of the same chronological ages (cf. tables 
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TABLE 10 
Chest widths of girls (1) pubescent one year or less 


and (2) pubescent more than one year, grouped 
by six-month age intervals 





AGE IN PUB. CHEST WIDTH (cm) 


MONTHS GROUP 20 21 23 24 25 26 27 28 29 30 
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that precede and those that follow this discussion) that when these 
sixteen year old girls were twelve years of age and non-pubescent they 
were, on the average, significantly smaller than the twelve year old 
pubescent girls represented in Figure 2. With four years of relatively 
slow but continuous growth plus a spurt in growth that immediately 
precedes and follows the menarche (4) they have just attained mean 
weights and chest-widths equal to those who were pubescent approxi- 
mately four years earlier. In the case of height and bi-iliac diameter, 
however, one finds rather clear evidence that the older girls who have 
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TABLE 11 
Differences in mean physical measurements (1) of girls who have 


been pubescent one year or less and (2) of girls who have 
been pubescent more than one year 





AGE DIFFERENCE DIFFERENCE 
(months) M: - Mi Sarre. M: - M: Sate. 





Weight (pounds) Height (inches) 


151-156 8.13 2.11 1.02 2.41 
157-162 12.00 4.44 0.46 1.25 
163-168 5.24 2.09 0.30 0.84 
169-174 8.86 4.50 0.26 0.75 
175-180 8.77 3-47 0.06 0.16 


Chest width (cm.) Bi-iliac diameter (cm.) 


151-156 0.61 1.99 1.08 2.81 
157-162 0.60 2.14 0.92 3.67 
163-168 0.41 2.03 0.28 1.31 
169-174 0.72 3.26 0.45 2.20 
175-180 0.82 3.29 0.19 0.80 





TABLE 12 


Regression coefficients of height, weight, bi-iliac diameter, and chest 
width upon chronological age in (1) girls who have been pubescent 
one year or less and in (2) girls who have been pubescent 
more than one year 





(1) ONE YEAR OR LESS (2) MORE THAN ONE YEAR 
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been pubescent one year or less are the taller and the broader. This 
nonconformity between relationships of menarcheal age to weight and 
chest-width on the one hand and to height and bi-iliac diameter on the 
other nicely exemplifies a point that has not received sufficient attention 
in studies of physique, namely, that from childhood to adult life signifi- 
cant changes in the relationships between menarcheal age and different 
measures of physique occur and that their natures and amounts may 
vary with chronological age. 

The regressions involving the girls who have been pubescent more 
than one year are complicated because of the fact that with advancing 
chronological age both the length of time since the menarche and age 
at the menarche increase. The regression lines of Figure 2 and the 
regression coefficients of Table 12 give no clear indication that the 
older girls are larger in the case of height, weight and chest width, but 
they possibly are broader in the case of bi-iliac diameter. 


3. RELATIONSHIPS BETWEEN HEIGHT AND WEIGHT AND THE AGE AT 
FIRST MENSIS IN THE YEARS BEFORE THE MENARCHE 


By the use of consecutive measurements it has been possible to 
project backward from the age of the menarche the trends of height 
and weight development for some of our subjects. For all but 32 of the 
488 cases measured in the junior high schools of San José we were able 
to obtain consecutive height and weight measurements for several of 
the years prior to the time of the last measurement. These data are 
by no means ideal for use in a scientific inquiry because they do not 
cover exactly the same life spans of all the pupils, because they may 
have been taken by different workers, and (or) because here and 
there a set of records is missing. Nevertheless, it appears that they are 
sufficiently complete to indicate the general trend of premenarcheal 
growth rate. They confirm and possibly extend conclusions recently 
reached by Boas (2). 

Table 13 gives the number of individuals in the present group for 
whom varying numbers of consecutive semi-annual measurements are 
complete and also those with but one measurement missing. 

In order to ascertain the relationships between pre-pubertal height 
and weight and the age of onset of the menses, the total group of indi- 
viduals has been subdivided on the basis of menarcheal age into three 
sub-groups. Group 1 includes those with menarcheal ages falling be- 
tween 126 and 143 months; group 2, those falling between 144 and 
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TABLE 13 
Number of subjects for whom varying numbers of consecutive 


semi-annual measures were complete, and those with one 
semi-annual measurement missing 





NUMBER OF SUBJECTS 





NO. SEMI-ANNUAL 


i n 
MEASUREMENTS _ Co™™SECutive One 


measures measure Per cent of 
complete missing grand total 
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155 months; and group 3, those falling between 156 and 179 months. 
For the populations from which these subjects were taken these groups 
denote roughly early, medium, and late menarcheal ages. In Tables 
14 and 15, and in Figures 3 and 4, will be found the pertinent data 
for this problem. The heights and weights are distributed at half- 
year intervals between the ages 8% and 13% years. 

Consider first the height and weight data for the girls with chrono- 
logical ages ranging from 102 to 107 months. At this age, from 18 to 
41 months will elapse before the girls of group 1 will reach the men- 
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arche; for group 2, from 37 to 53 months will elapse; and for group 
3, from 49 to 77 months. Upon comparing the mean height and mean 
weight of group I with that of group 3 we find that the group with 
early menarcheal ages averages 2.2 inches taller and 13.7 pounds heavier 
than that with late menarcheal ages. The obtained differences in the 
means are, respectively, 2.4 and 3.4 times their standard errors. Next, 
comparing group 2 with group 3 for this same chronological age, we 
find the mean height of the earlier maturing group to be 1.3 inches 
greater than that of the late maturing group and the mean weight to 
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be 7.3 pounds heavier. These differences are, respectively, 2.1 and 3.4 
times their standard errors. The second of these comparisons (group 
2 with group 3) is based upon data that are very satisfactory for the 
study of the early and late maturing girls at a time well in advance of 
the menarche. In this case all of the girls are 8% years old; at least 
three years will elapse before the menarche is reached by any of them 
and in some cases 6% years will elapse before the menarche. But even 
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at this early age there is a differential with respect to height and weight 
between girls who will mature relatively early and those who will 
mature relatively late. 

Let us next consider the height and weight data for the group with 
chronological ages ranging from 108 to 113 months. In this case, also, 
the minimal clearances between chronological ages and the menarcheal 
ages are such that only to a slight degree is one concerned with the 
pubescent spurt (4) in physical development. The mean heights 
and weights of group 1 exceed the corresponding means of group 3 
by 1.9 inches and 16.7 pounds, respectively. The critical ratios for 
these differences are, respectively, 2.3 and 4.1. For group 2 the mean 
height and weight exceed the corresponding means of group 3 by 1.3 
inches and 6.3 pounds. Critical ratios for these differences are 2.1 
and 2.4. As can be seen, the trends of results for this age category are 
the same as those of the preceding one. 

Further study of Tables 14 and 15 indicates that similar relations 
between early and late maturing girls hold at all ages prior to the 


TABLE 16 


Improvement in the prediction of physical size from chronological age 
when pubescence status is taken into account over that to 
be obtained from chronological age alone 





STANDARD ERROR OF ESTIMATE FROM AGE 
MEASUREMENT Pub. & Non-pub. IMPROVEMENT 
not separated Pubescent Non-pub. Pub. Non-pub. 





2.36 2.74 12% —1.5% 
Weight } 16.90 15.77 7% 13 % 
Bi-iliac . 1.52 1.57 9% 6 % 
Chest width ... A 1.46 1.59 8% o 





menarche for which we have data. It would seem to be established, 
therefore, that, so far as height and weight are concerned, differences 
in the physiques of girls of differing menarcheal ages did not appear 
for the first time at or only a few months before the menarche, but 
that they were, in fact, nearly as pronounced three years preceding 
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the menarche as they were at any later time.’ It is highly desirable 
that data be procurred whereby these relationships may be examined 
in the same subjects from infancy to adult life. 


4. PREDICTION 


The differences found between the physiques of pubescent and 
non-pubescent girls, and also those between girls pubescent a relatively 
short time and those pubescent a longer time suggest that prediction 
of average size throughout these ages could be improved by taking 
into consideration the pubertal status of individuals. Our data are not 
satisfactory for establishing norms for various groups. Nevertheless, 
they have been examined by us from this point of view in order to 
obtain a general idea of the magnitude of the improvement in pre- 
diction that may be expected. 

In Table 16 are given the standard errors of estimated size, com- 
puted from the regressions upon chronological age. They were deter- 
mined from the following kinds of data: (1) measurements of pubes- 
cent and non-pubescent girls distributed together; (2) measurements 
of pubescent girls distributed separately; (3) measurements of non- 
pubescent girls distributed separately. 

These statistics indicate that improvements in prediction ranging 
from zero to 13 per cent might be obtained by dealing separately with 
pubescent and non-pubescent girls. These improvements should be con- 
sidered as average because, as indicated above, the regression lines from 
which the predictions were made are not parallel for the two groups but 
are more separated at the younger ages than at the older. Thus, the 
improvements should be greater at the younger ages and lesser at the 
older ages, the difference depending upon the differences in the slopes 
of the regression lines. 


*The regressions of height and weight on menarcheal age in the pre-menstrual 
years gives one another view of these same relations. These regression coefficients 
are as follows: 


Age in Height on Weight on 
months Menarcheal Age Menarcheal Age 
102-107 —.061 i —.460 
108-113 —.065 j —.496 
114-119 —.083 j —.516 
120-125 —.085 ‘ —.507 
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If more detailed aspects of the pubescence status were taken into 
account such as length of time pubescent, menarcheal age, and esti- 
mated length of time prior to pubescence as indicated by secondary 
sexual development (4), a still greater improvement in prediction should 
be obtained. The amount may even be sufficient to warrant taking 
into account the individual’s status of progress toward sexual maturity 
in normative studies of physical development during the early adoles- 
cent period. 


SUM MARY 


This study of the relations between menarcheal status and height, 
weight, chest width and bi-iliac diameter may be summarized as follows: 


1. Height. Data are presented for girls of the ages 8.5 to 16 years. 
(a) Groups of postmenarcheal girls are, on the average, taller than 
premenarcheal girls at all ages between 10.5 and 15 years. At the age 
of 16 years the premenarcheal group becomes the taller. (b) The 
positive slope of the regression of height upon chronological age is 
greater in a group of premenarcheal girls than in a group of post- 
menarcheal girls (.042+.003 and .133+.006). (c) The mean heights 
of groups of girls who are beyond the menarche more than one year 
is slightly but not reliably greater than those of similar ages who have 
been pubescent one year or less. (d) The slope of the regression of 
height upon chronological age in the case of girls who are postmenarch- 
eal by one year or less is significantly positive (.051+.088). In 
the case of girls more than one year beyond the menarche the slope of 
this regression does not differ significantly from zero (.015+.008). 
(e) Data extending back to the age of 8.5 years indicate that at this 
age, and at all of the other premenarcheal ages for which data are 
at hand, girls who will mature relatively early are taller than those 
who will mature relatively late. 

2. Weight Data are presented for girls between the ages of 8.5 
and 16 years. (a) Groups of postmenarcheal girls are, on the average, 
heavier than premenarcheal girls at all ages between 10.5 and 16 years. 
(b) The positive slope of the regression of weight upon chronological 
age is greater for premenarcheal than for postmenarcheal girls (.127 
+.034 and .388+.038). (c) Girls who are beyond the menarche by 
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more than one year are heavier at all ages than those who are post- 
menarcheal by one year or less. (d) The slopes of the regressions 
of weight upon chronological age do not differ significantly from zero 
either in the case of girls who are postmenarcheal by one year or less 
(—.065+.054) or in the case of girls who are postmenarcheal more 
than one year (—.036+.054). (e) Girls who become pubescent rela- 
tively early are heavier than those who become pubescent relatively 
late at all of the pre-pubertal ages beyond 8.5 years (backward limit 
of our data). 

3. Chest Width Data are presented for girls of the ages 10.5 to 
16 years. (a) The means for groups of postmenarcheal girls are, on 
the average, greater than those for groups of premenarcheal girls. 
(b) The positive slope of the regression of chest-width upon chrono- 
logical age is greater in the case of premenarcheal girls than in the case 
of postmenarcheal girls (.016++.003 and .045+.004). (c) Girls who 
have been pubescent more than one year are broader, on the average, 
than girls who have been pubescent one year or less. (d) The slopes 
of the regressions of chest width upon chronological age dco not differ 
reliably from zero either for girls who are postmenarcheal by one 
year or less (—.003+.004) or for those who are postmenarcheal by 
more than one year (.010+.004). 

4. Bi-iliac Diameter Data are presented for girls of the ages 10.5 
to 16 years. (a) Groups of postmenarcheal girls are, on the average, 
broader than groups of premenarcheal girls. (b) The positive slope 
of the regression of bi-iliac diameter on chronological age is greater 
for premenarcheal than for postmenarcheal girls (.o29+.004 and .052 
+.004). (c) Girls who have been pubescent more than one year are 
broader than those who have been pubescent one year or less. (d) The 
slope of the regression of bi-iliac diameter upon chronological age is 
positive for girls who are postmenarcheal one year or less (.022++.006). 
In the case of girls who are postmenarcheal more than one year, the 
regression does not differ significantly from zero (.013+.005). 

5. The standard errors of the mean measures of physique herein 
studied, as estimated from chronological age are improved by amounts 
up to 13 per cent when the pubescence status of the individual is taken 
into account. 
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DIFFERENCES IN THE UTILIZATION OF CAL- 
CIUM AND PHOSPHORUS IN NEGATIVE 
AND POSITIVE BALANCES DUR- 

ING PREGNANCY 


BY C. ELTON HUFF AND S. IDELL PYLE* 
Samuel S. Fels Fund Research Institute, Yellow Springs, Ohio 





=Il IS as difficult a task to interpret the significance of a 

negative or a positive balance as it is to relegate individual 

i, differences to their proper place in determining human 
==) metabolic needs. 


from food composition faulty enough to interfere with proper digestion 
and assimilation. Assimilation may be affected by alimentary rate, which 
in turn is thought to be influenced by the composition of the substances 
ingested. All of these facts have been recognized by investigators in- 
terested in getting at the reasons why one finds individual differences in 
metabolism, but not enough work has yet been done to show wherein 
negative and positive balances differ, although the two types have been 
obtained during pregnancy by all investigators. 

While data on the use of three-day balance periods (5) in studying 
human metabolism during pregnancy were being analyzed at Fels Fund, 
the problem of estimating metabolic tendencies and aspects of fetal de- 
velopment from them arose because some subjects persisted in negative 
balance throughout the greater part of the gestation period. The first 
inclination was to discount such a finding at once, since ordinarily a 
negative balance is thought to indicate either faulty or insufficient in- 
gestion. Gross inspection of the physical status of the subjects, their 
weight gains and the condition of their infants at birth, together with 
the facts obtained about the quantity and theoretical composition of the 


*The authors wish to express their appreciation to Martha Potgieter and 
Virginia Torbet for their assistance in collecting materials for the balances, and 
to Dr. L. W. Sontag, Director, for his interest in the work. 
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food ingested day by day, did not seem to warrant such an unqualified 
discount. Consequently, we assembled all of our data on balances which 
had been determined by use of a three-day balance period, and combined 
them with the data published by Macy (4) and Coons (2) (3) and their 
co-workers. Forty-four balances on seven Fels Fund subjects, forty- 
three from the two studies presented by Coons and her co-workers, and 
the twelve given by Macy and her co-workers are considered here. 
Negative and positive balances obtained at the same stage in pregnancy 
were then selected from these to see how they compared with respect 
to the following points : 

a. Levels of ingestion 

b. Amounts excreted in the urine and feces 

c. Urinary and fecal excretion per gram of ingestion, i.e., 

urinary partition and fecal partition 

d. The urinary-fecal ratio 

e. Relation between the alimentary rate and the balance 

f. Relation between the balance and the period in pregnancy 


Only eighteen matchings could be made for comparing negative and 
positive balances as such when two criteria were used, namely, that the 
individual be in a state of negative balance both in calcium and in phos- 
phorus, and that negative and positive balance matchings fall chrono- 
logically within a week of each other. The twenty-three Fels balances 
selected for the negative-positive comparison are starred in Table 1, 
and those taken from the work of Macy and Coons are described in full 
in their own papers.* 


METHODS OF COMPARISON 


1. Our first interest was to see whether a negative and positive 
balance differed before we combined them to interpret average tenden- 
cies in assimilation. Hence the eighteen negative balances were com- 


*Balances selected from the study made by Macy and her co-workers (’30) 
were: subject VI at 20, 14, 10, 6 and 2 weeks; subject VII at 26, 10 and 6 weeks; 
subject VIII at 10 and 6 weeks. The balances selected from those computed by 
Coons and her co-workers in her first study (designated in this study as Coons I 
(’30) were: subject A at 28, 22, 20, 12 and 7 weeks; subject B at 24, 18, 11, 5 and 
1 weeks; subject C at 13 and 11 weeks; subject D at 10 and 2 weeks; subject E at 
8 weeks; subject F at 25 and 8 weeks; subject G at 11 weeks. Those selected from 
a second study made by Coons and her co-workers (designated in this study as 
Coons II (’34) were: subject IV at 22 weeks; subject VI at 22, 17 and 2 weeks. 
The time was expressed in weeks pre-delivery in each case. 
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TABLE 1 


Calcium and phosphorus balances determined by the three-day 
period method 





CALCIUM PHOSPHORUS ALIMENTARY 
Food Feces Urine Food Feces Urine RATE 
(grams per day) (grams per day) (hours) 





1.072 2.302 0.256 1.116 1.523 0.732 
1.058 2.146 0.288 1.10I 1.570 1.435 
1.104 1.307 0.356 1.1s0 O815 1.052 


1.060 1.211 0.229 1.225 0.761 1.035 
1.898 1.6907 0.177 0.744 0.924 0.971 
1.822 1.752 0.137 1.957 1.123 1.005 
1.137 1.388 0.284 1.390 0.786 0.748 
1.546 1.154 0.248 1.413 0.645 0812 
1.958 1.104 0.170 1.204 1.374 0.760 


0.851 0.702 0.120 0.701 0.909 0.475 
2.169 1.8096 0.268 2.036 1.307 0.890 
1.034 2.042 0.191 1.873 1.387 0.720 
1.308 1.080 0.169 1.430 1.470 0.227 
2.389 0.137 1.683 0.9074 0.754 
1.333 0.168 1.387 0.924 0.407 

0.144 0.585 0.442 0.655 

0.130 1.527 0.778 0.774 


0.185 1.461 0.848 
0.241 1.410 0.863 
0.214 1.887 0.806 0.915 
0.260 1.867 0.659 0.909 
0.213 1.797 0.500 0.765 
0.138 1.489 0.799 1.232 


0.175 0885 0880 0.634 
0.183 1.123 0.566 0.843 
0.210 1.036 0.623 0.384 
0.152 1.899 0.462 0.910 
0.251 1.407 0.776 0871 
0.141 1.390 0.808 0.686 


0.204 1.397 0.777 0.707 
0.235 1.939 0.589 0.858 
0.484 1.543 0375 0.708 
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TABLE 1 (continued) 





WEEKS CALCIUM PHOSPHORUS ALIMENTARY 
SUBJECT PRE- Food Feces Urine Food Feces Urine RATE 
DELIVERY (grams per day) (grams per day) (hours) 





VIII 12* 2.076 1.400 0.366 1.590 0.808 0.848 43.6 
8* 1.009 1.002 0.357 1.527 0.863 0.656 49.5 

1.675 0.834 0.274 1.414 0.574 0.356 48.0 

1.875 0.970 0.214 1.0904 0.701 0.702 51.9 


2.020 1.528 0.244 1.866 1.260 0.924 
2.268 2.108 0.278 1.795 1.5090 0.894 
1.505 0.968 0.298 1.747 0.5902 1.070 
1.089 1.163 0.236 1.142 0.702 0.713 
1.142 1.205 0.105 1.299 0.678 0.712 
1.799 1.017 0.124 2.075 0.693 0.833 
1.255 2.325 0.201 1.253 1.079 0.780 
1.271 1.595 0.260 1.170 0.946 0.741 





* Fels balances used in the matched comparisons. 
** Subject used milk of magnesia. 
*** Subject used mineral oil. 


pared with the eighteen positive balances in the following ways: (a) 
Means and standard deviations were computed for calcium and phos- 
phorus in food, feces, urine, fecal and urinary partition,* and for 
urinary and fecal ratios for negative and positive balances alike. (b) 
Critical ratios were computed by the standard mathematical method for 
it from the data indicated in (a). From such ratios inferences could 
be drawn as to the significance of the differences found on the basis of 
the theory of probability of occurrence, indicated by such ratios, given 
in the table in the Handbook of Chemistry and Physics, eighteenth edi- 
tion, page 180. A difference was called significant in this paper if the 
critical ratio was 3.0 or greater. 

2. Having made these calculations, the relations between balance, 
level of ingestion and stage in pregnancy (expressed in weeks pre- 
delivery) for the total ninety-nine balances were studied by the use of 
a Pearson product-moment correlation. The matched balances were then 
considered by this method of comparing to Table 2. 


*A partition is calculated here by dividing excretion by ingestion. The 
urinary-fecal ratio is calculated by dividing the kidney output by the intestinal 
output. 
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3. Finally, correlations were computed between the following items, 
for Fels subjects III, VI, VII and VIII on whom twenty-four hour 
samplings of alimentary rates were available: (Table 1) 


Balance and alimentary rate 
. Moisture in food and alimentary rate 
. Alimentary rate and moisture in feces 
. Alimentary rate and moisture in feces and urine 


. Alimentary rate and stage in pregnancy (expressed in 
weeks pre-delivery) 


COMPARISON 


1. The following points about the significance of difference in cal- 
cium and phosphorus ingested, and differences in the amounts excreted 
by the kidney and the intestine in negative and positive balance, res- 
pectively, were obtained. 


Calcium 


a. Level of ingestion. Differences in the average amount of calcium 
ingested when the subjects were either in negative or positive balance, 
respectively, were not great enough to be called significant. (Negative 
balance M* = 1.367 + .059 grams per day, SD* = .371 + .042; 
positive balance M = 1.465 + .ogo grams per day, SD = .564 + .063. 
The critical ratio for M = .g1, for SD = 2.55). 

b. Urinary and fecal excretion. Subjects in positive balance ex- 
creted more calcium per day by way of the kidney than those in negative 
balance. The difference was not significant. (Positive balance M = 
.324 + .026 grams per day, SD = .164 + .018; negative balance M = 
.281 + .024 grams per day, SD = .149 + .017. The critical ratio for 
M = 1.22, for SD = .61). 

Significantly more calcium was excreted by way of the intestine 
when a subject was in negative balance. (Negative balance M = 1.601 
+ .075 grams per day, SD = .474 + .053; positive balance M = 1.013 
+ .078 grams per day, SD = .492 + .055. The critical ratio for M = 
5.44, for SD =.24). 


*M designates mean and its probable error and SD designates standard deviation 
and its probable error. 





34 HUMAN BIOLOGY 


c. Urinary and fecal partition. When the excretion by way of the 
kidney was considered in terms of ingestion, the difference between 
subjects in negative and positive balance was found to be insignificant. 
(Positive balance M = .227 + .o13, SD = .084 + .009; negative 
balance M = .211 + .016, SD = .o98 + .o1r. Critical ratio for M = 
.78, for SD = .98). 

Subjects in positive balance excrete significantly less calcium by way 
of the intestine per gram of calcium ingested than those in negative 
balance. (Positive balance M = .227 + .013, SD = .084 + .009; 
Negative balance M = 1.193 + .048 grams per day, SD = .301 + .034. 
The critical ratio for M = 9.8, for SD = 4.3). 


d. Urinary-fecal ratio. In accord with the results in (c) the 
urinary-fecal ratio is greater for subjects in positive balance. The 
difference is significant, but loses some force since the critical ratio for 
the standard deviation is so great. (Negative urinary-fecal ratio M = 
184 + .015, SD = .094 + .OII; positive urinary-fecal ratio M = .384 
+ .041, SD = .255 + .029. The critical ratio for M = 4.58, for SD = 
5-19). 


Phosphorus 


a. Level of ingestion. These subjects in negative balance ingested 
less phosphorus than those in positive balance. The difference ap- 
proaches significance. (Negative balance M = 1.332 + .059 grams per 
day, SD = .374 +. 042; positive balance M = 1.535 + .063 grams per 
day, SD = .397 + .045. The critical ratio for M = 2.35, for SD = 
37). 

b. Urinary and fecal excretion. Less phosphorus was excreted by 
way of the kidney when the subjects were in positive balance. The 
difference was not significant, but was greater than that found for 
calcium. (Negative balance M = .759 + .038 grams per day, SD = 
.240 + .027; positive balance M = .696 + .026 grams per day, SD = 
.165 + .o19. The critical ratio for M = 1.37, for SD = 2.27). 

When subjects were in negative balance, significantly more phos- 
phorus was excreted by the intestinal route. This is in accord with the 
calcium findings. (Negative balance M = .£838 + .043 grams per day, 
SD = .272 + .031; positive balance M = .589 + .036 grams per day, 
SD = .226 + .025. The critical ratio for M = 4.44, for SD = 1.15). 
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c. Urinary and fecal partition. The urinary partition for the nega- 
tive group tends to be greater than the partition in the positive group. 
The difference is not decisive since the difference in individual partitions 
is so great. (Negative balance M = .544 + .029 grams per day, SD = 
.180 + .020; positive balance M = .460 + .o19 grams per day, SD = 
118 + .013. The critical ratio for M = 2.4, for SD = 2.6). 

The fecal partition showed as decided a difference in quantity of 
phosphorus excreted as was shown for calcium. (Negative balance 
partition M = .645 + .o22, SD = .137 + .015; positive balance parti- 
tion M = .388 + .o21, SD = .134 + .o15. The critical ratio for 
M = 8.4, for SD = .14). 


d. Urinary-fecal ratio. The urinary-fecal ratio confirms the findings 
in (b) and (c) and are similar to the findings for calcium. (Positive 
urinary-fecal ratio M = 1.360 + .055; SD = .344 + .039; negative 
urinary-fecal ratio M = .997 + .055, SD = .343 + .039. The critical 
ratio for M = 4.66, for SD = .02). 

It is apparent that on the average there was one difference in the 
alimentary balance between subjects in the negative and positive state— 
the amount excreted in the feces. At once one might ask whether this 
difference might not be due to the fact that the Fels balances were 
determined by short period sampling and chance aberrant conditions 
masked the true physiological state of the individual. Many of our 
balances were negative. It seemed to us from the findings that the 
larger amounts excreted in the feces when a subject was in negative 
balance cannot be attributed alone to possible difficulties encountered in 
distinguishing a marker properly in short period sampling. 

The quantity of calcium or phosphorus excreted in the feces for all 
groups of subjects studied followed the order of the quantity ingested— 
the greater the ingestion level the greater the excretion. The average 
difference in fecal excretion between the groups in positive and negative 
balance is 58.0 per cent for calcium and 24.3 per cent for phosphorus— 
greater in negative balance in each case. Therefore, it seems probable 
that while short period sampling contains pitfalls, since the difference 
points to as great and as consistent a difference as this that the effect is 
not due to technique in sampling alone. 

As the evidence stands, amount ingested is not the deciding factor 
for calcium nor wholly for phosphorus unless the small difference 
which existed is physiologically more decisive than these findings show. 
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Toverud and Toverud (’31) found that raising the level of ingestion 
from less than I gram to between I and 2 grams for either calcium or 
phosphorus clearly decreased the frequency with which negative balances 
occurred. 

The ingestion level for subjects in negative balance considered here 
is greater than 1 gram per day. Small and mathematically insignificant 
increments in ingestion or changes in type may produce a shift from 
negative to positive balance. However, since the level is within Toverud 
and Toverud’s range for probable change to positive balance, it would 
seem that the amount ingested loses significance and points either toward 
the influence of type of ingestion, or difference in assimilation. 

At this stage in our investigation, it can only be said that the diets 
were grossly similar in either case as to one of the chief sources for 
calcium and phosphorus; namely, milk, except for subject III. During 
both pregnancies she supplemented her milk ingestion (taken regularly, 
but in small amounts) with dicalcium phosphate and phosphoric acid 
until three months before her delivery in 1934. Interestingly enough, 
she was in positive balance at the beginning of her third pregnancy on 
a low level of calcium ingestion — .851 grams — without therapy. 

These results, then, could indicate physiological difference unless the 
calcium and phosphorus ingested in the state of negative balance in- 
dicated here proves to be more difficult to assimilate than the data in- 
dicate theoretically. The significant difference did occur in fecal ex- 
cretion, but the kidney mechanism selected similar amounts in either case. 

All Fels subjects except subject VIII reenforced their diets with 
cod liver oil or haliver oil regularly throughout pregnancy. 


2. RELATION BETWEEN BALANCE, INGESTION LEVEL 
AND STAGE IN PREGNANCY 


The matching ruled out so many of the ninety-nine balances avail- 
able that it was not clear whether ingestion was increased as the fetal 
demands increased regardless of the type of balance obtained or whether 
the balance changed as the level of ingestion changed. Therefore, a 
series of correlations on the ninety-nine balances as a whole were com- 
puted to see what they would reveal about these points (Table 2). 
Although the r’s were small, the bulk of the evidence in them seemed 
to us to indicate a uniform tendency toward specific interrelations, and 
in some cases quite close interrelation, for biological material. 





TABLE 2 
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Correlations on the ninety-nine balances as a whole 





NO. OF 
BALANCES 


CALCIUM 


PHOSPHORUS 


CORRELATIONS 





Weeks 
Pre-delivery 
and Balance 


Negative balance 
Positive balance 


— .65 + .08 
— .38 + .13 
— .24 + .13 
— .43 + .08 
— 42+. 
+ .532+. 
—1I5t. 


— 25.14 
+ 442.12 
— .41 + .16 
— 45 + .08 

.06 





Weeks 
Pre-delivery 
and Ingestion 


Total values 
Negative balance 
Positive balance 


+ 42+. 
+ 49+. 
+392. 
—.1I+t. 
+ 21+. 
—.16+. 
+ .232. 


ae 
F 
+ 


oo 
i+ | 





Balance 
and 
Ingestion 


Coons I 

Coons II 

Macy 

Fels 

Total values 
Negative balance 
Positive balance 


+ 18+. 
+ .20+. 
—.o8 +. 
+ 612. 
+ 2432. 
+.17+. 
+.18+. 


++++4+4+4+ | 4 


52+ 
7+ 
58+ 
532 
502 
442 
J7= 





Weeks 
Pre-delivery 
and Balance, 
Ingestion 
Held Constant 


Coons I 

Coons II 

Macy 

Fels 

Total values 
Negative balance 
Positive balance 


— JO. 
— 562. 
— 23s. 
— 47+. 
— 49+. 
+ 57x. 
—.20+. 





Balance 
and Ingestion, 


Weeks Pre-delivery 


Held Constant 


Coons I 

Coons II 

Macy 

Fels 

Total values 
Negative balance 
Positive balance 


+ 66+, 
+ 42. 
+ 02+. 
+ 62+, 
+ 362. 
+312. 
+ .22+. 
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The results show that stage in pregnancy has some effect upon re- 
tention regardless of the balance obtained. Calcium and phosphorus 
retention in general increased as pregnancy progressed except phos- 
phorus in Coons II group. However, the role of ingestion is not clear. 

Increase in calcium ingestion did not produce much of an increase 
in retention in Coons’ subjects; the correlation for the Fels group who 
had a higher level of ingestion than the Coons’ groups had, indicates 
that there was a closer positive relation between calcium ingestion and 
retention in the Fels group. On the other hand, Macy’s group had the 
highest level of calcium ingestion, and there is no indication from the 
correlations that calcium ingestion and retention were interdependent. 
In Coons’ and Fels’ subjects, retention increased as pregnancy progressed. 

Phosphorus ingestion was increased only in the Fels group during 
the prenatal period. In general, however, retention increased a little as 
the ingestion level increased. Unlike the results for calcium, the corre- 
lation for Macy’s group for phosphorus suggested a fairly close rela- 
tionship between level of ingestion and resultant balance, and stage in 
pregnancy had quite an effect upon the balance obtained. 

When the level of both calcium and phosphorus ingestion was held 
constant, and all ninety-nine balances—negative and positive, small and 
large retentions—are considered, retention increased a little for every 
group except Coons II as pregnancy progressed. 

These facts brought our attention back to the original problem of 
interpreting the differences in assimilation in negative and positive 
balance. Relations in each of the two groups were now correlated like 
the entire group, keeping in mind that the sampling was small. 

The calcium balance for the negative group decreased somewhat as 
pregnancy progressed, although the phosphorus balance increased. This 
was the one outstanding difference between the negative and positive 
balances. The quantity of calcium ingested correlated indifferently with 
the negative balance according to these findings whereas phosphorus in- 
gestion tended to increase the size of the phosphorus balance. 

In the positive balance group on the other hand there was very little 
relation between stage in pregnancy, calcium ingestion and the balance. 
Phosphorus balance and ingestion were somewhat interdependent, but 
stage in pregnancy did not have much effect upon their relationship. 

Finally, some points were noted about the effects of alimentary rate 
and moisture in the food upon some Fels balances. The third day’s 
sampling of food had been marked off with carbon and carmine markers, 


Notes on the Fels Subjects 
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and their excretion was used as the basis for calculating alimentary rate. 
This rate is defined here as the time elapsing between the ingestion of 
the carbon and the appearance of the carmine in the feces. Moisture 
is considered as the amount of loss in weight in food and feces on room 
drying. A sampling of the amount of tap water ingested had been in- 
cluded in the food sample. Some dessicated food and fecal weights have 
been calculated, and approximately 3 to 5 per cent more moisture is 
given off in these samples upon desiccation. 

The average length of the alimentary period was 50.1 + 1.00 hours. 
The rate was somewhat dependent upon the amount of moisture in the 
food (r = +.65 + .09). Increasing the length of time when the food 
substances were retained in the body did not produce much drier feces 
(r = +.34 + .13). The alimentary rate changed very slightly as 
pregnancy progressed (r = —.23 + .14). Subject III resorted to milk 
of magnesia as a cathartic for the balances indicated in Table 1, and 
subject number VII to mineral oil. Under these conditions their aver- 
age rates neither exceeded the average significantly, nor, for subject III, 
differed markedly from the rate resulting when no therapy was used. 
The average of 50.1 hours is shorter that the rate indicated by Burnett 
(’29) in his series of studies on intestinal rate. 

The effect of rate on phosphorus balance is masked (r = .00 + .15). 
The calcium balance became more positive as the alimentary rate in- 
creased (r = +.45 + .12). This correlation had added weight because 
the balance was affected but slightly by the stage in pregnancy at which 
it was studied (r for Ca and stage in pregnancy = +.15 + .14. For P 
and stage in pregnancy = —.58 + .10). 


SUMMARY 


Forty-four calcium and phosphorus balances determined at various 
stages in pregnancy by the three-day method of sampling (5) were 
compared with fifty-five balances published by Macy and Coons and their 
co-workers which had been calculated using four to six day metabolism 
periods. The ninety-nine balances were first considered as a whole, 
and then separated into negative and positive balance groups. Negative 
balances were matched against positive balances according to stage in 
pregnancy to see whether fundamental differences could be seen when 
women were in negative or positive balance respectively. 
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It was evident that women in negative balance excreted significantly 
more calcium and phosphorus by way of the feces than subjects in 
positive balance. The level of ingestion chosen by these subjects had 
some effect upon the quantity of phosphorus retained, but little upon the 
calcium. In general, calcium and phosphorus were retained in slightly 
increasing amounts for all groups as pregnancy progressed except for 
Coons’ second group of subjects. 

An increase in time during which the food substances were retained 
in the body aided calcium assimilation, but the effects on phosphorus 
were masked. 

From the data it would secm that the causes of increased fecal ex- 
cretion by subjects in negative balance warrant further investigation. 
Little difference in selection by the kidney mechanism was seen. The 
need for further consideration of form in which calcium and phosphorus 
are ingested, suggested repeatedly by Macy and Coons, are indicated 
from Fels data, too. The comparison made here is confined to the 
question of quantity and mode of excretion. 

In conclusion we wish to state that for the sake of brevity detailed 
reference has been made to some of the work of Macy and Coons only. 
This type of study has been aided greatly because they presented these 
raw data in detail. We do not wish to ignore the extent of the field 
of study of calcium and phosphorus metabolism. We were seeking the 
minimum sampling period which would be valid as a metabolic tool, 
and since the three day period seemed to be valid, within specific limits, 
we ventured to extend the comparison into some of the physiological 
implications of metabolism, which can be approached more fully as 
the body of data in this field is increased. Differences in utilization not 
dependent upon level of ingestion, and not clearly attributable to kind 
were found. Need for additional methods for studying material-fetal 
inter-dependence in the human are indicated. Calcium and phosphorus 
determination for meconium and first urine excreted by the infant 
together with mineral content in blood from the cord may aid in such 
interpretation. 
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GEOGRAPHIC AND TIME VARIATIONS 
IN BODY GROWTH AND AGE 
AT MENARCHE 


BY C. A. MILLS 
Department of Medicine, University of Cincinnati 


HAT the last few decades have witnessed a wide-spread 
M betterment in human growth and nutrition now seems to 
iw be beyond doubt. From countries on practically all con- 
= = =) tinents has come evidence of increased stature and better 
physique. And in most instances credit for the improvement has been 
claimed by those advocating higher standards of diet and hygiene for 
the individual and for the mass. Experimental studies in animal 
nutrition have seemed to provide a sound basis for these claims, since 
growth and development could readily and surely be influenced by 
dietary means. It has only been by inference, however, that these 
findings have been applied to human populations. Many tropical 
peoples, it is true, live on diets that are definitely inadequate for the 
much more energetic inhabitants of stormy temperate regions, but 
are we justified in applying temperate zone dietary standards to people 
living under tropical moist heat? 

Data collected in recent years on growth and development in both 
man and animals would seem to indicate that the role of diet may 
be secondary to the ease or difficulty of heat loss from the body. 
Energy for accomplishment or growth is inseparably linked to heat 
production, so that conditions rendering heat loss from the body diffi- 
cult must result in corresponding suppression of total body function. 
Great ease of heat loss, on the other hand, stimulates growth and 
development, and imbues a people with an irrepressible energy that 
must be always seeking outlets in action. This stimulation can, 
however, be carried too far and produce a metabolic exhaustion that 
progressively lowers the efficiency of body functions. These state- 
ments are not unwarranted generalizations, but have as their basis 
definitely established research findings. 
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Some years ago Baldwin (1) published graphs showing growth 
curves for school children of various countries, and on these it was 
seen that children of the stormy temperate regions maintain a con- 
stant and quite marked lead over the growth of those residing under 
tropical or subtropical climates. Northern United States and Central 
Europe surpass in both height and weight. At St. Louis growth lags 
behind Milwaukee standards, and at Turin, Italy, there is evident a 
marked inferiority to central European standards. In regions of 
tropical moist heat, such as the Philippines, or in Oriental countries, 
where the prolonged moist heat of the severe monsoon summer domi- 
nates the climatic picture, growth and development are most retarded 
and adult stature lowest. In India the same striking differences are 
seen when one compares the people of the lowlands, blanketed under 
depressing moist heat, with the natives of the more invigorating dry 
uplands in Northwestern India. Such growth variations in population 
groups have usually been attributed to dietary differences, for people 
living under moist heat do tend to restrict their protein intake and 
subsist more on carbohydrate foods that call forth less body heat 
production in their assimilation. 

With man the role of diet has been difficult of evaluation, but with 
laboratory animals Ogle (2) has provided illuminating data. She has 
shown beyond a doubt that body growth and development are retarded 
by tropical moist heat conditions that render body heat loss difficult. 
This occurs even though the living conditions otherwise, and the diet, 
are kept at the same optimal level that produces excellent growth at 
lower temperatures which permit ready loss of body heat. The un- 
equivocal results she has obtained, showing how clearly the ease or 
difficulty of heat loss from the body dominates such basic functions as 
those of growth and sexual development, leave little doubt as to the 
role climatic environment must play in human development of different 
regions. 

Perhaps the most significant criterion of body development, after 
growth itself, is the onset of the menses in females. Both Boas and 
Shuttleworth, in papers delivered at the 1936 Anthropological Meetings 
in New Haven, presented evidence of a close linkage of menarche to 
growth, the menses usually beginning at or near the growth peak of 
puberty. It is of considerable interest, therefore, to see if the onset of 
the menses in various population masses bears any relationship to 
growth rate. There must first be discarded the idea, world-wide and 
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centuries old in its acceptance, that girls mature earlier in the tropics 
than in temperate regions. Careful analysis of statistics provides no 
support for this universally held belief. In fact quite the reverse has 
been found true, for in those regions of tropical moist heat, where 
body growth lags most, the menses are found to start distinctly later 
than in the invigorating temperate -zones. 

When we come to a close investigation of the onset of the menses 
over the earth, several factors must be considered. In practically all 
countries the menses now begin definitely earlier than was the case a 
half century ago. In the following data this contrast is well brought 
out. 


Of 575 Cincinnati women aged now (1935) Mean age at onset of menses was 
(years) (years) 


24 under 20 13.13 + 0.22 
78 20-29 13.77 0.11 
125 30-39 14.09 + 0.10 
118 40-49 14.29 0.11 
97 50-59 14.75 + 0.14 
62 60-69 14.76 + 0.14 
48 70-79 14.67 + 0.17 
22 80-89 14.77 + 0.34 
I g! in her fifteenth year 
Filipinos at Cebu 


64 under 20 14.48 + O11 
65 20-29 15.59 + 0.14 
76 30+ 15.71 + O.11 


Similar data on Filipinos in Manila, Chinese at Hongkong, negroes 
at Panama, both negroes and whites at Richmond, Baltimore and 
Cincinnati, and on university girls at Cincinnati and Minneapolis, in 
every case verified this distinct tendency toward earlier onset of the 
menses. It is evident then that no comparisons of age at menarche 
should be made without consideration of the subjects’ age and the 
changing trend. 


In Norway, while Husemann (3) in 1868 found the age at menarche to be 16.1 
years, Skerlj (4) in 1935 found it to be around 14.5 years. In Munich it was 
16.3 years in 1864, but 15.4 years in 1880 (5). At G6ttingen in southern Germany 
it was 16.6 years in 1795 (6), while nearby at Giessen it was 14.5 years in 1920 
(7). Girls in Spain and Italy now come to the menarche mainly in their sixteenth 
year, but in ancient Greece menstruation began largely in the fourteenth year 
according to Hippocrates. 
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Unfortunately few people, studying or writing on this subject, have 
recognized these changing trends in puberty age and rate of body 
development, so that great confusion has arisen in the literature. 
Regional differences in development have been mixed with time differ- 
ences and the subject thoroughly muddled. 

Social condition and nutritional state also affect the onset of the 
menses. City girls mature earlier than those from the country, the 


Recent data on age at onset of menses 


Regions outside of North America 


Philippine Islands 
205 Filipinos at Cebu (Rodriguez, 1935) 
636 Filipinos at Manila (Mills, 1935) 
Honkong 
464 Chinese women (Mills, 1935) 
Canton 
2291 Chinese women (Chau & Wright, 1925) 
Fukien 
599 Chinese women (Maxwell, 1920?) 
Formosa 
136 Chinese women (Yamasaki, 1909) 
Japan 
1526 Hondo Japanese women (Yamasaki, 1909) 
3085 Kyusyu Japanese women (Yamasaki, 1909) 
250 Shikoxu Japanese women (Yamaski, 1909) 
184 Riukiu Japanese women (Yamasaki, 1909) 
Panama 
188 negro women (Mills, 1935) 
Brazil 
go1o San Paulo women (Mattos, 1934) ............ecceeeeeees 
1191 Bahia women (Netto, 1933) 
451 Rio de Janeiro women, white (Castro, 1912) 
1646 White women, various cities (Castro, 1912) 
Ecuador 
367 Lima women, white (Arrieta, 1932) 
Cuba 
100 White women (Mathé, 1911) 
Spain 
1970 Asturian women (Torres, 1932) 
Italy 
246 Italian women of Milan (Torres, 1932) 
Calcutta 
268 Hindu women (Curjel, 1920) 
140 Mussulman women (Curjel, 1920) 
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Recent data on age at onset of menses (continued) 

Regions outside of North America 

81 Indian Christian (Curjel, 1920) 

56 Indian College girls (Curjel, 1920) 
Czechoslovakia 

9049 Prague women (Dworzak, 1935) 
France 

438 Paris women (Vignes, 1929) 
Amsterdam 

1800 Dutch women (Bolk, 1923) 
Germany 

770 Giessen women (Deiterich, 1920) 
Norway 

4502 Norwegian women (Skerlj, 1935) 
Scotland 

10219 Edinburgh women (Kennedy, 1933) 
Finland 

3596 Finnish women of Helsinki (Malmio, 1919) 
Russia 

434 Russian women (Herstein 1917-23) 


North America 
New Orleans 

329 High School and Univ. girls (Gould, 1930) 
Richmond 

134 white women (Mills, 1935) 

182 colored women (Mills, 1935) 
Baltimore 

127 white women (Mills, 1935) 

109 colored women (Mills, 1935) 
Pennsylvania State College girls, 222 (Ritenour, 1934) 
Cincinnati 

1069 Univ. freshman girls (1930-5) 
Lexington 

157 Univ. of Kentucky girls (Chambers, 1934) 
Columbia 

Univ. of Missouri girls (Stine, 1934) 
Minneapolis 

Univ. of Minnesota girls (1934) 
Montreal 

200 white women (Mills, 1935) 
St. Johns, New Brunswick 

500 white women (Mills 1935) 


Note: All mean ages given above or referred to in this paper were calculated 
by the author from original case data by a uniform and correct method of calcu- 
lating the mean and its probable error. All ages have been placed on an American 
basis of stating age, which means that from all Chinese ages one year has been 
deducted. 
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difference being about one half year on the average (5). Malnutrition 
may, and often does, produce marked retardation in onset of the 
menses (8). In the data given below, however, most of the subjects 
were well people, maternity cases in charity hospitals. Cases on hos- 
pital gynecological services were also used to some extent, but close 
check showed the menarche to come at practically the same mean age in 
obstetrical and gynecological cases. 

Keeping in mind the world-wide trend toward earlier menarche, 
let us now compare recent figures that are available in different countries. 

It seems fairly safe to say that nowhere on earth do girls mature 
so early as they now do in the central part of North America. The 
mean menarche age for University girls of the Middle West is now 
about 13 years, with the trend toward earlier years still in evidence. 
Among the entering freshman class of 1935 at the University of Cincin- 
nati, there were 62 girls 17 years of age with a mean age at menarche 
of 12.94+0.09 years, and 4 girls 16 years of age whose average age 
at menarche was 12.5 years. In this same area body growth is also most 
rapid, in live stock as well as in children. South toward the Gulf of 
Mexico, east toward the Atlantic coast, or northeast into Canada, the 
menses tend to begin at later ages. In the Caribbean region and 
throughout South America the development of puberty is delayed about 
one year, while throughout all the rest of the tropics except India the 
lag is fully two years behind the standard prevailing in our Middle 
Western States. 

European people show a somewhat similar picture. In the sub- 
tropical countries bordering the Mediterranean sea development is not 
most rapid, as it has always been pictured, but is relatively slow, with 
the menses starting mainly in the 16th year. In the more stormy and 
energizing climate of west central Europe, development is more ac- 
celerated, with the menses coming a year to a year and a half earlier. 
Farther to the north or east (Finland and Russia) the long periods 
of benumbing cold retard development to much the same degree as 
does tropical heat. 

The stimulation of climate also shows in another phase of sex 
development,—the onset of fertility. Fertility in girls seldom comes 
with the onset of the menses. Perhaps one in twenty are capable of 
conception at that time. Godin (9g) has stated that the lag in fertility 
lasts about five years after the menses begin, but he gives no data. 
In a very recent study (10), however, it has been shown that this 
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sterile period is of variable length, being progressively shorter the 

earlier the menses begin in people of different geographic groups. 

Lag in fertility 

Menses First (menarche to 

began at delivery at first conception) 
years years 
84 Filipino girls, married . 21.88 6.55 
22 Filipino girls, unmarried 21.82 6.33 
72 Panama negro girls, unmarried 19.26 4.47 
56 Richmond negro girls, unmarried .... , 18.21 4.00 
33 Cincinnati negro girls, unmarried 18.08 3.89 


The constant shifting of the onset of puberty in American youth 
toward earlier years raises many questions, especially regarding growth 
and adult height. Girls usually grow little here in America after the 
second year of menstrual activity, cessation of growth of the long 
bones probably coinciding rather closely with the onset of true sexual 
fertility. During past decades, while the period of childhood growth has 
been shortening, the rate of growth has been greatly increased through 
the application of more effective nutritional standards. However, in 
the last ten years little further advance has been made in the nutritional 
state of children, so that we may expect soon to witness a decline in 
the adult height, particularly of women. Boys grow for a considerably 
greater part of adolescence than do girls, so that less change is to 
be expected in their adult height. 

From the above statistics on the onset of the menses, it is seen 
that here in the United States some factor in life is producing a 
stimulation of growth and sexual functions far in excess of that seen 
anywhere else on earth. It is certainly suggestive that this should 
be happening in the country with the most intense climatic drive, and 
that here in America the change should be proceeding most rapidly 
in our most stimulating north central states. These same changes 
can be produced in laboratory animals by subjecting them for a few 
weeks to artificial climatic stimulation under controlled conditions (2). 
We may, therefore, accept as a fact this change in development, with 
the marked shortening of the period of childhood. 

Geographic differences in body development are also illustrated by 
height and weight data on college girls. Arranging the data* from 
American colleges according to standing height: 


*Most of the data used here were taken from Diehl’s excellent monograph (11). 
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Inches 


Ce Ge Fe, BEE, TRU ois cc ccccc cece cc cedenstessecccccces 
Michigan State Normal 

ES Te ng cdndous cad cakaesdeeevecsonyse ss cp eenses 
Michigan Univ., Ann Arbor, Mich, ........cccccccccccccccccccccccscecs 
Ses OE NNO, DEPONRGI, DOIN. occ ce cc ccscccscccccccccccesones 
ee dons se cee aeeswnes 90. 6sebens 
Univ. of North Carolina, Chapel Hill, N. C. ..........ccceeeeccccceeeees 
Univ. of Cincinnati, Cincinnati, Ohio 

Univ. of Texas, Austin, Texas 

ee ae I I eo ic cccanbeeese abut acvetaeMOncsanws 
eC nn. nbs bd seasons abeeeberneedudene 
nik. on dneecehaeehieth seunheddaanhee 
ey er ee, I Cac id ase canbe tlasewetcesceepedeaees 
es Oe SI, CERI WINE, Sc ccvigwie een Secevevsccccesecuwees 
eee Gare, Beets BUMMNN, BOON bikiks ois ic ivcsccscccccvccceseicccs 
Pennsylvania State College. State College, Pa. 

ee rr 2 en Me no... kh ebeeebbetercawaeeen cians 
rr eo lcs cvenbkted enh node bee peated ne 
i ee ivecticndiesntseceubarsenpawh>ebanans sees 


rr rr 2. cen ckdne pene eenesndaesoeedbebhbeares 


In general the standing height of American college girls is least 
in the upper Mississippi basin where puberty has such an early onset; 
it is perhaps slightly greater in the lower half of the basin; but along 
both the east and the west coasts definitely greater heights are attained 
by both men and women. The relation, however, of these differences 
in height to general body nutrition is another matter entirely. Arrang- 
ing the colleges according to the weight of the freshman girls, the 
following order is found. 


Univ. of Texas, Austin, Texas 

Se III TI, io ciiccecicniew i acidewsnbedsioconvens 
Univ. of North Gorolion, Chanel FE, NN. Co 6. ccc ccccdccccdccccvevedes 
ee ee es pep ebuemisecaceseeenns 
te I as ainac wen civnsn eden nde ¥esmedoes 
Tulane Univ., New Orleans, La. 

ee Ee ee a itlns cease scéeccaseuebncees 
Michigan State Normal 

Univ. of Cincinnati, Cincinnati, Ohio 

Cleeiw. GE Dictate, Ames Ame, WEI ico cain coc ccc cccwcenvsecdvecceccs 
ee ae eS cc ccccevescdecbessbeubaesceecaces 
Univ. of Minnesota, Minneapolis, Minn. ................ccccccecccccees 
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Ce, TR By ee ado oes ete cadnceconccentcnnceswessendabows 123.2 
Leland Stanford Univ., Stanford, Cal. ...........ccccscccccccccccccces 123.8 
Smith College, North Hampton, Mass. ............cccsesececescceeeees 123.9 
Vane Ca, Se, Bis nod knwo ckbiccc 0c cckékaewebwsecsece 125.2 
Tes ae WR CI, WU NI iva bin ve do cipkee sctawabensweseeesse 125.6 
Pennsylvania State College, State College, Pa. 

Bryn Mawr, Bryn Mawr, Pa. 


Uk Pas, BI Be Bo o.knb00 000 45cccxthads biesesss Pua 


College girls of the South are lowest in body weight, those of the 
north central states next, and those of the east and west coasts heaviest. 
If now a simple ratio be obtained between height in inches and weight 

height 


), the resultant index of body build 


in pounds (ratio = 
aa ( weight 


(Fig. 1) shows greatest robustness in the north and an increasing 
slenderness of form toward the Gulf region. 

This same relationship of body form to climatic stimulation is in gen- 
eral well brought out by Nafiagas and Santiago (12) in their data on 
college men of various races and countries as given below. Body 
weight per unit of height is lowest in regions of tropical moist heat, 
next lowest in sub-tropical climates and highest in the cool stormy 
temperate regions. 


Height in Grams of weight per 
University men centimeters centimeter of height 


Southern Chinese 163.1 310.4 
Filipinos of Manila 163.3 311.0 
Japanese 159.7 349.0 
Northern Chinese 167.1 354.8 
162.2 361.7 
166.9 376.6 
171.4 379.2 
165.2 379.3 
172.5 382.2 
172.1 382.3 
French 168.6 383.0 
Oxford 176.5 380.2 
Polish 160.4 390.8 
172.0 390.8 
175.9 390.8 
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Human data on childhood growth and adult body size and form 
are thus seen to agree with those obtained from experimental animals 
kept under controlled conditions of artificial climates, and with the 
growth of domestic livestock. We apparently are dealing with a 
general biologic phenomenon. It would seem that greatest size and 
robustness of form tend to come where the climate is stimulating and 
heat loss from the body readily accomplished. Human beings or 
animals, living under conditions of moist heat, grow less well and 
assume distinctly more slender body form. In the north central states 
of America, however, where climatic stimulation is extreme for a 
good part of each year and where puberty comes on earliest, growth 
in height is halted so early as to give an adult stature inferior to 
that of other temperate regions, although the body form is as robust 
as is anywhere seen. 

We must give up the belief held for decades over the whole earth 
that bodily and sexual maturity comes earliest in tropical countries 
and is later in temperate regions. Carefully collected statistics show 
the exact reverse to be the case. We may now say with a fair degree 
of certainty that in both animals and men growth and bodily develop- 
ment proceed most rapidly in regions of greatest climatic stimulation, 
and that in regions of depressing moist heat there is evident a pro- 
gressive lag proportional to the depressing effects of the stagnating 
heat. Sexual maturity in tropical countries comes fully two years 
later than in the most stimulating temperate regions. These facts 
should be kept in mind by geneticists and others interested in racial 
improvement, for therein may lie the principal basis of many racial 
differences. That our white stock in America, and the negroes North 
and South, should show the differences just as definitely as do those of 
varying racial stock in other climatic regions of the earth is proof 
that climate is a factor of basic importance. It would thus seem to 
be climatic drive, working through the centuries, that probably accounts 
for many racial differences in build and body development. 

There are several indications that human advance comes in long 
undulations of progress and recession, and that these waves are truly 
biologic and based on some extra-terrestial force affecting man. In 
the time of ancient Greece there occurred a crest somewhat similar 
to the present. In stature and body build the ancient Greeks were the 
equal of, or perhaps superior to, present day people, and Hippocrates 
stated that the menses usually began at the age of 13. In philosophy 
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and power of cerebration, in literature and art, in government, and in 
many other ways, evidence indicates an ancient Grecian crest in human 
development comparing very favorably with the most advanced groups 
of today. Through the intervening centuries of darkness and recession, 
however, man slumped in form and achievement. The giants and 
warriors of the Middle Ages were mere pigmies compared to present 
day military standards, for a twelve-year-old American boy of today 
can scarcely get into their suits of armor. Body height of men during 
this period seems to have receded to about the level of prehistoric 
man (5 ft. 1 to 2 inches). Even early in the 19th century the average 
male height in England was 3 inches less than it is today. Shortness 
of stature and slenderness of form were matched also by lateness in 
onset of puberty, records of over a century ago showing an onset 
of the menses usually in the 17th or 18th year, except for the people of 
France. 

The last 70-80 years, though, has witnessed a quickening in many 
phases of human affairs. Birth size has increased, speed of growth 
and body development has been accelerated, adult stature and robust- 
ness of form augmented, along with such outburst of inventive and 
scientific advancement as had not been witnessed since the time of 
Grecian glory. The tremendous acceleration in world population 
growth during this same recent period has brought much nearer the 
necessity of considering future over-population problems, for in one 
century the human race has almost doubled the numbers it had amassed 
through all the preceeding ages. Is there any evidence at hand to 
indicate whether this growth is to continue and plunge us, within 
another century, into devastating over-crowding? Here, it would seem, 
is where recent findings may be brought into valuable use, for the 
close linkage between body growth, speed of development and re- 
productive fertility on the one hand, and environmental stimulation and 
temperature level on the other, provides us with a logical basis from 
which to consider the problem. 

The low point of recent centuries in world temperatures was reached 
about 1850-1860. An irregular but slow rise occurred through the 
subsequent six decades, but since 1920 temperatures have pointed up- 
ward much more emphatically throughout the world. The recent 
world-wide heat wave of 1929-34 has probably carried us back close to 
the temperature level of the Middle Ages, for Viking bodies were ex- 
cavated in 1933 from Greenland earth that had been solidly frozen for 
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the intervening centuries. Coincident with the cold of last century 
came the sudden outburst of population growth and general activity 
that carried civilization forward so impetuously to its recent crest. 

Since 1920, however, recession has set in. This most recent period 
has seen a tapering off in population growth in several of the most 
prolific peoples of former decades. Widespread growth and acceptance 
of contraceptive practice: has also occurred, and probably represents 
only an early form of decline in racial reproductive potential. It 
would seem that more and more people in various lands are becoming 
willing to let their urge toward racial reproduction be subdued by 
economic considerations. The urge to reproduce must indeed be sub- 
siding when it allows itself to be pushed aside for mere physical en- 
joyment and ease of existence. 

We have shown in previous papers (13, 5, 10) how a rise of mean 
temperature level produces a prompt diminution in fertility in either 
man or animals, and how reproductive functions respond to optimal 
coolness. Is it not possible that world population growth may be 
governed by these same biologic principles? Observations over a few 
more years will provide the answer, for girls born since 1920 are now 
entering puberty and, if the effects of rising world temperatures are 
as discussed in these pages, we should soon see a reversal in trend 
of puberty onset toward later instead of earlier ages. 


SUMMARY AND CONCLUSIONS 


During the last half century there has been a world-wide quicken- 
ing in body growth, accompanied by a definite trend toward earlier 
onset of the menses. Adult height and weight are both greater than 
they were fifty years ago, and markedly in excess of Middle Age body 
size. According to Hrdlicka, however, present day man has not yet 
quite reached the size developed in such ancient civilized groups as 
the early Egyptians or the early Indians of the southwest. 

The menarche age has seemed to fluctuate with changes in rate of 
body development, for in ancient Greece, where physical development 
was so good, the menses began at the same early age as is happening 
in the most advanced groups of today, while with the physical slump 
of the Middle Ages came a great retardation in menarche. 

Geographical differences in growth and age at menarche also go 
hand in hand. In regions of depressing moist heat, both growth and 
menarche are delayed, and the final adult form is slender and small. 
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In the stormy temperate regions, on the other hand, growth is most 
rapid, the menses begin earliest, and the most robust body forms are 
seen. Exactly similar differences have been produced in laboratory 
animals under conditions of careful control, where the ease or difficulty 
of body heat loss has been found to be the chief determining factor 
in speed and type of body development. Adequacy of diet cannot over- 
come the physical retardation that comes with difficulty of body heat loss. 
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FURTHER STUDIES ON THE ROLE OF 
IRRITATION IN CANCER’ 


BY SIGISMUND PELLER, M.D. 





=—N A recent paper (1) I stated that there are many statistical 

=— jj findings incompatible with the common conception on the 
\ relations between irritation and cancer. Increasing the 
I ==) amount of certain carcinogenic irritations in a population 
group we increase—as is well known—the number of cancer cases at 
the irritated spots. But simultaneously the frequency of tumors in 
some other organ decreases. This cannot be explained if the carcinogenic 
irritation affects only the directly afflicted part of the body. The de- 
crease is sometimes as large as the increase in the additionally irritated 
organ, sometimes smaller. Thus the total cancer frequency in a popula- 
tion exposed to more carcinogenic irritations remains unchanged or 
rises. In both cases there is a real change in the distribution of the 
primary tumors, a real shifting of the incidence. This effect of carcino- 
genic irritation was unknown until discovered by my statistical studies 
on the relations between pregnancy and cancer. These studies were not 
in accord with the localized traumatic theory (2) and indicated that the 
biological and physiological processes accompanying (or hindering) 
pregnancies do not change the total cancer frequency but only shift the 
locus of the later primary tumor between 


Corpus uteri 
Cervix uteri 


Ovary 


+} Certain parts of the digestive organs (3) 


Recently I was able to show the shifting function of carcinogenic 
irritations in the case of workers exposed to tar and alcohol (1). 


*This paper was prepared while the writer was a guest investigator in the 
Department of Biology of the School of Hygiene and Public Health of the Johns 
Hopkins University. 
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According to English occupational statistics there is a contrast between 
the changes of cancer frequency in the skin and upper digestive tract. 
Finally I was able to demonstrate the shifting function of gall-stone 
irritation (postmortem statistics). 

As long as we did not know that changes in cancer frequency in one 
spot lead to opposite changes in certain other places, we have had to urge 
a diminution of irritations in everyday life—at least a reduction of ex- 
posure to them—in dangerous occupations as the only means of cancer 
prophylaxis. Thus both Roffo (5) and a French committee (Hartman, 
Roussy and Beclére) have recently warned the people against exposing 
themselves to the sun’s rays. But since skin cancer can be cured easily, 
and as by increasing skin cancer cases the more primary tumors of the 
tongue and oesophagus become less frequent, it is suggested that we 
should rather encourage people to take sun-baths. 

The importance of the problem discussed demands further proofs 
and supporting examples. It is not easy to obtain them. Even in the 
occupational mortality statistics of England the figures are often too 
small and the differences not significant. There are also other difficul- 
ties. First of all we have to consider the inequality in the medical 
evidence. In a former paper (1) we studied the effect of chemical 
agents in certain occupations. Now we may examine the effects of 


Standardized cancer mortality per 100 thousand 


GLASS WORKERS 
Exposed Not exposed 


LOCATION to heat injury 








4.0* 
12.2 
21.5 
31.9 

133.4 





Total cancer mortality . 203.0 





Number of person-years 
28287 





*Only one case; over 70 years old 
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physical carcinoma provoking factors as heat and fire, sun rays, and the 
pressure of the pipe stem. 

In the English statistics (6) skilled glassworkers are divided into 
two groups. One of the groups is exposed to strong heat rays of the 
glass-melting furnace and to multiple burns. The other group does not 
suffer from these injuries. The first group has, as expected, much more 
skin cancer, but this excess is completely compensated for by a defect 
in the incidence of primary tumors of the internal organs. Thus the 
heat-injured workers are not at all worse off than the other glassworkers. 

The total number of glassworkers is too small, about 21000 XK 3 
years) to make the difference significant. Thus I would not cite this 
example alone as convincing. But my former investigations have shown 
significant differences in the same direction. It may also be mentioned 
that among the glassworkers drinking is very common, which may ac- 
count for the high frequency of cancer of the tongue and oesophagus 
among the group not exposed to heat. More astonishing, but now ex- 
plicable, is the exceptionally low rate of cancer of the oesophagus and 
also the lower rate of cancer of the stomach among the workers exposed 
to heat. (The total group of skilled workers has a standardized mor- 
tality from cancer of the oesophagus of 11.3 + 0.3 per 100 thousand. 

The second example regards English labourers in forestry and 


agriculture. They belong to the lowest social group and have probably 
less efficient medical treatment than unskilled townspeople. Thus a 
large number of inaccessible cancers may remain unrecognized. But if 
we find that they have more skin and lip cancer and less cancer of 
tongue and oesophagus than, for instance, gardeners and their assistants, 
we cannot explain this contrast by the above mentioned medico-statistical 


Mortality from cancer (per 100 thousand) 


SKIN AND LIP TONGUE AND OESOPHAGUS 


AGE Forest and Agri- Gardeners and Forest and Agri- Gardeners and 
(years) cultural labourers Assistants culturallabourers Assistants 








35-44 
45-54 
55-64 
65-69 


70 and over 
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fault. Then we must think about real differences, perhaps caused by 
differential exposure to the sun and to pipe-trauma. 

The sunlight in England is not as brilliant as in southern countries, 
where probably the differences in skin cancer frequency may be larger. 
As a matter of fact, the skin cancer mortality of the forest workers in 
England—s500,000 men X 3 years—is not particularly high. It is 
higher than in the first, second, and third social class, but not higher than 
in the group of unskilled workers which contains the bulk of the workers 
exposed to tar, oil, and pitch. For this reason the effect of the 
combination of sun and pipe pressure* on the lip may be clearer than 
of the sun on the skin. 


Cancer of the lip. Mortality per 100 thousand 


AGE FOREST AND AGRI- SOCIAL CLASS 





(years) CULTURAL LABOURERS I* II III** IV 





35-44 0.4 
45-54 2.4 
55-64 14 
65-69 16 
70 and over 88 





*The highest social class 
**Skilled workers 
***Unskilled workers 


The forestry group suffers more from lip cancer than any of the 
five social groups into which the total male English population was 
divided. At the same time they have the smallest mortality from cancer 
of the tongue and the oesophagus, as we see from the English figures. 
The symptoms of a malignant growth of the tongue are so evident at 
the time of death that errors of diagnosis are probably not more fre- 
quent than in the cases of lip cancer. Futhermore, it is impossible to 
suppose that mouth hygiene is better among wood cutters than among 
other people. The forest workers do not have as much syphilis as the 
people in urban areas. This is important(8). However their teeth and 
gums are worse. As we see from the table, the better the social status, 


*Some investigators doubt whether pipe pressure is a carcinogenic factor 
(Cf. J. Lane-Claypon (7)). 
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the lower the rate of cancer of the tongue, but the forest and agricultural 
labourers have a smaller rate than the wealthiest group. 

Not all oesophagus cases are recognized as such. They may be 
partly hidden among the cases of cancer of the stomach. The poorer 
the people, the more likely are such errors. In order to eliminate this 


Cancer of the tongue. Mortality per 100 thousand 


AGE FOREST AND AGRI- SOCIAL CLASS 





(years) CULTURAL LABOURERS 





35-44 ane I 
45-54 7 
55-64 II 31 
65-69 25 
70 and over 35 53 





As to cancer of the oesophagus, the differences between the five 
social classes are not so great, but the trend is the same. The forestry 
labourers have a lower mortality from cancer of the oesophagus than 
even the socially best situated people (Class I), and evidently also lower 
than the men of the social group to which they belong. 


Cancer of the oesophagus. Mortality per 100 thousand 


AGE FOREST AND AGRI- SOCIAL CLASS 





(years) CULTURAL LABOURERS II 





35-44 bes I 
45-54 9 II 
55-64 a1 30 39 
65-69 39.5 53 
70 and over 35 57 74 





error we shall sum up the cases under both headings, oesophagus as well 
as stomach. If we now compare the forest and agricultural workers 
with the other manual labourers (social classes III, IV and V) the 
differences still exist, being percentually smaller than formerly. The 


differences disappear only if we compare the forest and agricultural 
labourers with the highest social group. 
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Cancer of the oesophagus and stomach. Mortality per 100 thousand 


AGE FOREST AND AGRI- SOCIAL CLASS 





(years) CULTURAL LABOURERS II IV 





25-34 I 2 
35-44 9 13 
45-54 43 56 
55-64 133 148 
65-69 171 253 243 
70 and over 311 218 350 317 





Therefore we may reasonably conclude that, among the forest 
labourers the mortality from skin and lip cancer is increased, whereas the 
frequency of cancer of the tongue and oesophagus is really diminished, 
even though in a smaller percentage than the official figures show. The 
excess in incidence for the skin and lip is overbalanced by the defect 
for the tongue and oesophagus. Thus we have to consider whether 
carcinogenic irritations act as a shifting and regulating factor primarily 
only after the tumor so caused appears macroscopically, or whether, 
under certain circumstances, already before such macroscopic appear- 
ance. No answer is yet available. We do not know anything about the 
mechanism of this regulating action. Is it a sort of immunization? 
Do the products of cancer cells prevent the development of cancer cells 
existing in other organs, which unhindered would grow into a second 
or third primary tumor, or do they prevent the transformation of normal 
cells in the other organs into cancer cells? The shifting rdle of the 
cancer provoking agents seems to show that there must be more than 
one single organ disposed to cancer production in the human body, and 
that there are perhaps close relations between the agents and the “dis- 
position” itself. In spite of the great amount of work that has been 
done we do not know much about what “disposition” really is biologi- 
cally. If it is no more that the reactivity of cells to proper carcinogenic 
or carcinoma provoking agents, we must conclude that it depends, among 
other things, on events outside the particular organ. Not only our 
statistical studies, but also recently published experimental findings point 
in this direction. Bittner (9) found that prohibiting of breeding pre- 
vents the appearance of mammary cancer in mice, but leads to the 
development of about the same number of tumors in the lungs, which 
formerly in the female of this strain seemed not to be disposed to 
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cancer. The lack of oestrin which stimulates the proliferating processes 
in the mammary glands results in the breast becoming unable to pro- 
duce a cancer. But oestrin produces no effect whatever upon the lungs. 
In his experiments Bittner apparently increased the “disposition” in a 
non-afflicted organ, whereas in the experiments of both Dobrovolskaja- 
Zavadskaja (10) and Cramer (11) the opposite result was attained. 
Although the experiments mentioned do not justify conclusive asser- 
tions, they support our view. Especially the paper of Bittner seems to 
be important because he did not work with any intoxicating material, 
nor with tar or hormones which, when applied in great quantities, dis- 
turb the chemical milieu of the body and produce conditions very far 
from those in human beings. Bittner’s experiment has its analogy in 
human pathology, i.e., in the conditions among single nulliparae. Con- 
cerning the distribution of cancer in the genital organs these women 
differ, as I have been able to show, from women who had been pregnant, 
and differ from them more than do married nulliparae. It would be 
very interesting to see whether there are also differences in cancer 
incidence in other parts of the body. 


Absolute and relative distribution of cases of uterine and ovarian cancer 
(Experience 1913-22 of Universitatsfrauenkliniken des Wiener 
Allgemeinen Krankenhauses ) 


NUMBER OF CANCER CASES 

Nulliparae Have been 

Single Married pregnant 
Abs. No. Percent Abs. No. Percent Abs. No. Percent 








51 1813 76 
49 566 24 





100 2379 100 


CONCLUSIONS 


1. The investigation on workers exposed to strong heat rays, burns, 
sun and pipe-stem injuries confirms our previous conclusions. The car- 
cinoma provoking agents lead not only to a changed incidence of cancer 
in the irritated spot, but also to opposite changes in some of the other 
organs to which they have no relation. 
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2. There appears to be an antagonism in respect of cancer incidence 
(a) between the skin and the upper alimentary tract; and (b) between 
the corpus uteri-ovary-breast on the one hand and the cervix uteri and 
certain parts of the digestive organs on the other hand. 

3. Through a purposely changed amount of irritation in one organ 
an active transfer of primary tumors into certain other organs has to 
be possible. Further studies will show whether this possibility can be 
utilized from the point of view of the cancer campaign. 
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VARIATION IN PARITY OF WOMEN BEARING 
CHILDREN IN THE U.S. BIRTH REGIS- 
TRATION AREA IN 1930. PART I* 


BY RAYMOND PEARL 





I. ORIENTATION 


as j the pregnancy that was being experienced Ly women of 
specific ages who became pregnant in any particular year. Such in- 
formation will obviously have important bearings upon a number of 
aspects of the general problem of fertility. In the first place the 
number of women who become pregnant and bear children in any 
particular year is only a fraction of the number who are potentially 
capable physiologically of doing so. This fact at once raises a series of 
questions concerned with the general problem of the proportion of 
expressed group fertility in any given short period of time (say one 
year) that the multiparae—the more or less habitual breeders—are 
responsible for, as compared with the primiparae—the tentative first 
experimenters in the reproductive field. Another set of questions re- 
lates to the comparative behavior in this respect of the different 
broad nativity or racial groups for which data are available. Still 
another is concerned with the comparative ordinal numbers of pregnan- 
cies resulting in live births and those resulting in stillbirths. Are they 
identical, or do they differ by amounts statistically significant? 

Certain aspects of these problems have been discussed in an earlier 
paper?, of which this one may be regarded as a continuation. 


*From the Department of Biology of the School of Hygiene and Public Health, 
Johns Hopkins University. It is a pleasure to express here my thanks to Mrs. 
Augusta K. Hibbitts and Dr. John R. Miner for their aid in the preparation of the 
material for this paper. 

*Pearl, R. Potential and actual reproductive performance in man. HuMAN 
Brotocy, Vol. 8, pp. 508-530, 1936. 
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The present paper deals particularly with the ordinal namber of 
births and related questions on the basis of the officially recorded 
reproductive experience in 1930 of women in the U. S. Registration 
Area, which in that year included all the states in the country except 
Texas and South Dakota. All the data used in this paper are derived 
from the annual volume of birth statistics for 1930 except as otherwise 
noted®. The official records are unfortunately not uniformly tabulated 
for the whole Registration Area, and therefore their usefulness is 
diminished in a manner presently to be explained in detail. 

General Table 6 of the 1930 birth report cited gives “births (ex- 
clusive of stillbirths)”, that is live births, by number of child and age 
of mother in single years, but “exclusive of Colorado, Maine, Massa- 
chusetts, New Hampshire, and Rhode Island” (p. 232). Table 14 
gives corresponding information for stillbirths “exclusive of Massachu- 
setts, Rhode Island, and New York”, but in quinquennial instead of 
single year age groups. Obviously it is posible to compile the data in 
each of these tables the other way about, so that instead of having, 
as in the original report, the frequency of mother’s ages for births of 
specified numerical order, we shall have frequencies of ordinal birth 
numbers for mothers of specified ages. This transformation was the 
first step in the investigation. Unfortunately, because of the “ex- 
clusions” noted above, that do not tally geographically, it is impossible 
to combine the two resulting live and stillbirth distributions into one 
total distribution. Therefore it is impossible to discuss even approxi- 
mately the parity-age distribution of pregnancies. Instead we are 
necessarily confined to the treatment separately of the parity-age 
distribution of live births and of still births, with, in each case, only 
the material available for the class by itself. 

The total material discussed includes 2,058,277 live births and 
70,574 stillbirths, or 2,128,851 births in total. This latter number is 
smaller than the total births of the year, by reason of the omission 
of births for which the mother’s age, parity, nativity, or some com- 
bination of these failed of record, and also because of the exclusion 
of states in the tabulations as already noted. 

While the present paper is confined to the discussion of the 
statistics of a single year (1930) it should be understood that any 
other nearby year would show substantially the same results, indeed 


*Bureau of the Census. Birth, Stillbirth, and Infant Mortality Statistics... 
1930. Washington (Gov't. Printing Office) 1934. Pp. iv + 400. 
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so nearly identical in respect of all relative figures as to make it 
certain that no conclusion would be different in even the smallest degree. 


II, FIRST BIRTHS 


Other factors being equal it is generally true for a given population 
and time that a declining crude birth rate has associated with it an 
increase in the proportionate number of first births to all births. This 
relationship is to be expected in a population where the practice of 
contraception is prevalent and increasing, because under such conditions 
women tend after their first successful pregnancy either to have no more 
at all, or only after a greater lapse of time than would be the case if 
reproduction were wholly unrestricted. Such procedure naturally tends 
to weight the births of any particular year unduly heavily with first 
births. 

Let us begin the analysis of parity relations, therefore, with an 
examination of first births in 1930. Table 1 gives the percentages of 
first births to all births in each marginally defined age-race(color) 
category. 


TABLE 1 


Percentages of first births to all births in the defined age-nativity- 
color-viability class; 1930 





; FOREIGN-BORN 
MOTHERS AGE oral WHITE NATIVE WHITE WHITE COLORED 


(seors) “Live Still Live Still Live Still Live Still 








10-14 99.6 ’ so 99.7 100 
15-19 79.3 / . . 72.5 60.7 
20-24 r Y ‘ . 29.3 328 
25-29 : . . 10.4 13.7 
30-34 . . ’ $2 73 
35-39 . . . : J 3.0 57 
40-44 . ‘ ‘ ; Y g 1.8 5.1 
45-49 ' . 3 . y 1.5 

50 and over 6. ¥ 2.4 





All ages Y , ‘ ’ 28.98 
together +. : z ; r +.06 
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The first thing that strikes the eye from the most cursory inspection 
of Table 1 is the regularity of the expected decline in the proportion 
of first births to all births with advancing age of the mothers. Ob- 
viously practically all births to mothers aged 10-14 years must, in the 
nature of things, be first births. But in the next age group, 15-19, 
the percentage of first births drops to about 80, and in the third age 
group, 20-24, generally fewer than a half of the women bearing off- 
spring in 1930 were delivering their first product of conception. 

The form of the first birth curves by mother’s age is shown graphic- 
ally in Fig. 1, which plots live first birth percentages only. 

It is evident from Table 1 and Fig. 1 that the curves for native 
and foreign-born white mothers are closely similar throughout their 
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extent (except for the 50 and over age groups where the observations 
are necessarily very meager). It is, however, somewhat unexpected 
to find at the height of the reproductive period (ages 20-24 and 25-29) 
that the curve for the foreign-born lies above that for the native women, 
indicating a higher proportion of first births. The curve for colored 
first births (almost entirely Negro of course) differs considerably 
and systematically throughout its course from both of the white curves. 
The colored women reproducing in 1930 exhibited generally a smaller 
proportion of first births than the whites, throughout the age range. 

If we consider the proportion of first births to all births for mothers 
of all ages taken together (bottom line of Table 1) some interesting and 
significant race(color)-nativity differences appear. In general the native 
white mothers exhibit a higher total proportion of first births than 
either the foreign-born whites or the colored mothers, and in turn 
the foreign-born white mothers a higher proportion than the colored. 
The differences, with their probable errors, are shown in the following 
tabular arrangement. 


Diff. = 
Differences in percentages of first births P. E. Diff. 


Native white live minus foreign-born white 
TR .2 cc'd0eseesicgacesacseegnes = 9.04+.07 129 


Native white still minus foreign-born white 

OD 00s 0n9usgsene aeeniansnnses = 17.22+.39 44 
Native white live minus colored live .... = 4.40+.07 63 
Native white still minus colored still .... = 880+.28 31 
Colored live minus foreign-born white live = 4.64+.09 52 
Colored still minus foreign-born white still = 8.42+.43 20 


There can be no doubt about the statistical significance of these 
differences. They are, in each case, many times larger than could 
reasonably be expected to arise from errors of sampling. The apparent 
paradox that while, as is shown clearly in Fig. 1, the curves for native 
and foreign-born white mothers are rather close together throughout 
this course, the foreign-born mothers as a whole group have 9 percent 
fewer live first births than the native mothers, is explained by the 
differential weighting consequent upon the distorted age distribution of 
foreign-born white females in 1930 already discussed in an earlier 
paper.? 
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In each age group, and in each nativity-color class, first stillbirths form 
a higher percentage of all stillbirths in the class, than do first live births 
of all live births. This result would reasonably be expected because 
of the known greater difficulties and hazards of pregnancy and labor 
in the primipara as compared with the multipara. These reflect them- 
selves in part in the foetal mortality recorded statistically as stillbirths. 
The differences between the live and stillbirth percentages of first 
births are generally greatest in the native white mothers and least in 
the colored mothers, with the foreign-born mothers falling somewhat 
nearer to the colored in this respect than to the native whites. Para- 
doxically the percentage of first stillbirths to all stillbirths (for mothers 
of all ages taken together) in the foreign-born white group is smaller than 
the percentage of first live births to all live births in the same group 
(to mothers of all ages taken together), even though in each separate 
age group the first stillbirth percentage is higher than the corresponding 
first live birth percentage. This is a consequence of the differential 
weighting arising from the distorted age distributions of foreign-born 
white women, of mothers, and especially of mothers producing still- 
births. This distortion of the age distribution of the foreign-born 
females has already been noted above and in an earlier paper, and will 
become more evident with data presently to be discussed in this paper. 

If man as a species operated in his reproduction as do other mam- 
mals in a state of nature, uninfluenced by any variables other than the 
strictly biological ones of innate fertility, unhampered sexual desire, 
and environmental opportunity, it would be expected that first births 
would be concentrated in a relatively narrow range of age of mother 
(or father) following rather closely. after the establishment of the 
physiological capacity to reproduce at or fairly soon after puberty. 
Actually, from reasons of education, prudence, artificial alterations of 
the normal functioning of the reproductive mechanism, and various 
others, the actual reproductive performance of the human species de- 
parts widely from the pattern that prevails in lower animals. Just how 
wide this departure was for the American women reproducing in 1930 
is indicated in Tables 2 and 3, and graphically in Fig. 2. The graphs 
of Fig. 2 are ended in each case a half space beyond the 40-44 years age 
interval, for the reason that on any scale of feasible plotting the fre- 
quencies in the two age classes above 45 years would not be distinguish- 
able in the reproduction. 





VARIATION IN PARITY 
TABLE 2 


A. Live births. Percentage of births in age class 
to all births in specified group 





MOTHER’S FOREIGN-BORN 
AGE NATIVE WHITE WHITE COLORED 
(years) I para II+ para Ipara Il+ para Ipara I1+ para 





10-14 0.2 0.0005 0.03 2.1 0.002 
15-19 29.4 3.8 11.0 55.2 8.5 
20-24 43.2 25.4 40.5 318 31.4 
25-20 18.6 29.0 31.7 % 7.4 26.0 
30-34 6.2 22.2 12.0 , 2.4 17.4 
35-39 2.0 14.3 3.9 , 12.2 
40-44 4 48 r . 3.8 
45-49 02 4 

50 and over .OOI .007 





B. Percentage of first stillbirths in age class to all 
stillbirths in all age classes together 





MOTHER’S FOREIGN-BORN 
AGE NATIVE WHITE WHITE COLORED 
(years) I para I1+ para Ipora Il+ pera Ipara Il+ para 





10-14 0.3 2.3 

15-19 29.1 52.3 

20-24 39.2 31.8 

25-29 17.9 8.2 

30-34 8.3 2.9 

35-39 3-9 ‘ ‘ 18 

40-44 1.1 

45-49 I d F 
50 and over o .004 y 03 





Consider Table 2 and the first births of Fig. 2. It is at once 
evident that the colored mothers of 1930 conformed much more closely 
to the lower animal pattern of first birth distribution by age than did 
either the native or foreign-born white mothers. The peak of first 
births in these colored mothers fell in the age period 15-19 years, or, 
in short, as soon as physiologically possible (on a quinquennial age scale) 





HUMAN BIOLOGY 
TABLE 3 


A. Percentage of live births of all pari- B. Percentage of stillbirths of 
ties in age class to all live births all parities in age class to 
in all classes together all stillbirths in all age 
classes together 





MOTHER’S FOREIGN- FOREIGN- 
AGE NATIVE BORN NATIVE BORN 
(years) WHITE WHITE COLORED WHITE WHITE COLORED 





10-14 0.1 0.007 0.6 0.1 o 0.7 
15-19 12.4 ’ 22.1 14.1 3.0 23.6 
20-24 31.4 31.5 27.4 12.7 30.3 
25-29 25.5 . 20.6 21.4 19.2 18.9 
30-34 16.9 . 13.0 16.7 23.0 12.4 
35-39 10.2 . 9.0 13.6 26.1 9.9 
40-44 3.3 . 2.7 5.9 14.1 3-5 
45-49 3 . 4 7 1.9 

50 and over .005 OI .02 .004 oO 





after puberty. The colored curves then quickly drop so that less than 
10 percent of all the first births of the year, either live or still, were 
produced by mothers in the age class 25-29 years. Furthermore among 
the colored the live and stillbirth relative frequency curves are very 
close together throughout their course. In other words, among these 
colored mothers stillbirths occurred at all ages in a nearly constant 
proportion to the number of live births at the same ages. 

Both the native and foreign-born white women reproducing in 1930 
had the peak of their first births in the age period 20-24 years. The live 
and stillbirth curves in both white groups come down after age 20-24 
at a more gradual slope than do those for the colored mothers. There is 
a characteristic difference in this respect between the live and the still- 
birth curves; the latter rise to the peak, and particularly descend from 
the peak, with a more gradual slope than the former. Generally speak- 
ing, the proportion of first stillbirths before mother’s age 30 to all 
first stillbirths tends to be smaller than the proportion of first live 
births before mother’s age 30 to all first live births. This relation- 
ship is reversed after age 30. While these relations are true of all the 
nativity-color groups they are least pronounced in the colored and 
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most so in the foreign-born white, with the native white in an inter- 
mediate position. The risk of a first pregnancy ending with a stillbirth 
rather than a live birth appears, in short, to increase as the women’s 
first pregnancy is postponed later and later in her fecund period. 

The relationships of first births under discussion may be more 
precisely comprehended quantitatively from the figures of Table 4. 
Therein are given the biometric constants for age of women-mothers 
in 1930, separated into two groups; viz. (a) primiparae (parity 1) and 
(b) multiparae (II and higher parities). 

From Table 4 the following points are particularly worthy of note: 


1. One half of all the colored women who had first live births in 1930 
were under 19 and a third years of age. One half of all the native 
white women producing live births in the same year were under 22 and 
a third years of age. This is a significantly higher median age 
(by 3.020.014 years) but still absolutely a fairly low one, considering 
the white mores in this country relative to education, marriage, etc. The 
median age of the foreign-born white mothers producing first live 
births in 1930 was considerably higher than in either of the other 
two nativity-color groups. Half the foreign-born primiparae (bearing 
live offspring) were over 24.8 years of age. This reflects the relative 
scarcity of young females in the distorted age distribution of the 
foreign-born, to which allusion has been made above. 

2. In all three race(color)-nativity groups the mean ages of the 
primiparae of 1930 are higher than the median ages, by small but 
nevertheless statistically significant amounts. The differences are an 
index of the degree of skewness—in all cases in the same positive 
direction—exhibited in the age distributions of primiparae. 

3. In all three race(color)-nativity groups the mean and median 
ages of primiparae bearing stillborn offspring as the first product of 
their reproductive efforts are higher than the mean and median ages of 
primiparae bearing live babies. These differences are not very large 
absolutely, but without exception statistically significant. The result 
is presumably a biometric reflection of the well-known fact that generally 
speaking the older a woman is when she starts reproducing the greater 
the difficulties she encounters in her first pregnancy and its resulting 
labor. 

4. The variation in age of women producing their first births, as 
measured by the standard deviation (which on the whole seems the 
fairest index of relative as well as absolute variability for the present 
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material and Fragestellung) is greatest in the foreign-born white 
group, less in the native white group, and least in the colored group. 
Tested by this criterion the native white women are farthest removed 
from the normal lower mammal pattern of reproductivity relative 
to age, while the colored women are significantly nearer to it, the 
difference being 0.443 + .009 years for live first births, and 0.869 
+.010 years for first stillbirths. 

5. In all three race(color)-nativity groups the women producing 
first stillbirths are significantly more variable in age than the women 
producing first live births. 

6. One half of all the colored women who produced their second 
or higher order live births in 1930 were over 27 years (approximately) 
of age, while one half of the similarly parous native white women 
were over 29 years of age. The corresponding figure for the cor- 
responding foreign-born white women was approximately 32 years. 
The spread between the median ages of primiparae and multiparae, 
as groups, was, in other words from 6.223.007 years in the case 
of the native white women, through 7.050+.021 years in the foreign- 
born white women, to 7.597+.018 years in the colored women, so 
far as concerns live births only. For stillbirths the figures would be 
substantially the same. These spreads reflect the comparative group 
extension of actual expressed reproductivity into the higher ages as 
the menopause is approached, or equally, in an inverse sense, the 
comparative failure of such higher age reproductivity. This point, 
however, can be more effectively discussed later in the paper when other 
data are at hand. 

7. In respect of relationship between (a) mean and median ages and 
(b) ages of mothers of live and stillbirths the multiparae conform 
to the same general pattern as the primiparae. 

8. While the colored primiparae are the least variable in age (as 
judged by the standard deviation) of any of the race(color)-nativity 
groups, the colored multiparae are the most variable, conforming from 
another angle the conclusion reached above that this colored group 
approaches most closely of the three to the lower mammal repro- 
ductivity pattern. 

g. The mean age is higher, and the variation is greater, in multi- 
parae producing stillbirths than in multiparae producing live births 
just as was found to be the case for primiparae. 
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Table 2 and Fig. 2 should be examined in connection with Table 3. 
While the former give the relative frequency distributions for first 
births and multiparous births, the latter gives the corresponding distri- 
butions of all births of all parities by age of mother. It is at once 
as obvious as it is statistically necessary that the scatter of mother’s 
ages is greater for all births of all parities than it is for first births. 
Other striking differences between the distributions are to be noted. 
For the native white mothers the peak of both the live and stillbirth 
distributions remains in the same age class (20-24) for all births that 
it had for first births. In the case of the foreign-born white and the 
colored mothers it moves up one class for all live births (to 25-29 and 
20-24 respectively) above its position for first births only. 

In the colored the all-birth-all-parity relative frequency distributions 
of live and stillbirths still fall very close to each other, as was the 
case for the first birth distributions. But in the case of foreign-born 
mothers the all-stillbirth-all-parity distribution diverges widely from 
the corresponding live birth distribution. Its peak is found in the 
35-39 year age class—ten years higher than the live birth peak, and 15 
years higher than the peak for first stillbirths to foreign-born white 
mothers, as shown in Fig. 2. Over 42 percent of all stillbirths to 
foreign-born white women in 1930 were borne by women falling in age 
between 35 years and the menopause. In contrast to this only a trifle 
over 14 percent of the stillbirths to colored mothers occurred in women 
of these ages, and only about 20 percent to native white women of 
corresponding ages. The older foreign-born white mothers quite plainly 
experienced an undue proportion of difficult labors or diseases of the 
reproductive organs leading to stillbirths, or both. On all the evidence 
available it is to be supposed that the venereal diseases sensu stricto 
(syphilis and gonorrhea) are much more prevalent in the colored women 
than in the whites of either native or foreign birth, and syphilis certainly 
is a major cause of abortion and stillbirth. The figures of Table 3, 
however, run rather definitely contrary to any interpretation along 
this line. A further complication is seen in the fact that while over 
42 percent of the stillbirths to foreign-born white women are from 
mothers 35 years of age and over, the corresponding percentage of all live 
births is only about 26. There are evidently special factors, not apparent 
from the available data, operating to produce an excessive foetal mor- 
tality in the foreign-born white mothers. 
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The biometric constants for the distributions of all births of all 
parities relative to age of mother are shown in Table 5. 


III. PATTERNS OF REPRODUCTIVITY COMPARED 


It has been pointed out above that according to the normal pattern of 
reproduction among the mammals lower than man it would be expected 
that the mean age of mothers of first births would be only a little above 
the mean age at puberty or menarche (taken as the beginning of the 
physiological possibility of reproducing by the female). Further it 
would be expected that the amount of variation in mother’s age at 
first birth would, on the lower animal pattern, be small. Let us now 
examine into the question of the degree of departure quantitatively 
of the present-day human pattern or reproduction from this more primi- 
tive mammalian pattern. To facilitate this Table 5 is presented. It gives 
the basic biometric constants, calculated in this laboratory by standard 
and uniform methods, for 32 frequency distributions of age at menarche 
taken from the literature, and believed to be carefully and accurately 
recorded. The different groups, each represented by a separate distri- 
bution and set of constants, are arranged in Table 6 in descending order 
of the values of the mean ages at menarche. 

Table 6 covers within its bounds practically the whole range of group 
mean values for age at menarche that have ever been observed or 
recorded, as may be seen by comparison with Frommolt’s* recent ex- 
tensive compilation of data on the point, or with the present writer’s® 
more critical condensation of Frommolt’s tables. Now the unweighted 
averages of the mean and median ages at menarche given in Table 6 
are respectively : 


Unweighted average of means = 15.18 years 
Unweighted average of medians = 15.09 years 


From these figures, as well as from the individual items of Table 6, 
it is apparent that the distribution of variation in age at menarche is 
in general symmetrical with no significant skewness. Furthermore 
it is evident that no serious error will be made in taking 15 years in 


‘Frommolt, G. Rassefragen in der Geburtshilfe und Gynakologie. Leipsig 


(J. A. Barth), 1936. Pp. [6] + 96. 
‘Pearl, R. Biological factors in fertility. Annals of the Amer. Acad. Pol. and 


Soc. Sci., Vol. 188, pp. 14-25, 1936. 
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round figures as the average age at which reproduction in the human 
female becomes physiologically possible, in theory at least. 

By reference back to Table 4, it becomes possible to form the 
following set of differences between average age at menarche, on the 
one hand, and average age of American mothers of 1930 producing 
their first child. 


Differences in years 


Group First live births First stillbirths 
Native white 7.75 8.38 
Foreign-born white 10.30 11.80 
Colored 5.13 5.57 


Now the unweighted average of the four critically trustworthy 
means for total duration of menstrual life (menarche to menopause) 
that I have so far been able to collect is (see Table 7, infra) 32.44 years. 

So then it appears that, on the average, the present day pattern of 
human reproduction, as exemplified by American women who bore 
children in 1930, exhibits the following percentages of the total re- 
productive life span spent in the period between menarche and the 
bearing of the first child. 


Percentages 
Group First live births First stillbirths 
Native white 23.9 25.8 
Foreign-born white 31.8 36.4 
Colored 15.8 17.2 


In other words it appears that, as American women currently 
practice reproduction, from roughly 16 to 36 percent of their total 
reproductive span elapses, as an average figure, between the time they 
become physiologically capable of reproducing and the time when 
their first product of conception appears upon the scene. While this 
statement is confined to American women, as is proper since the data 
presented are thus restricted, nevertheless it is quite certain on general 
grounds that other populations at similar cultural and economic levels 
would show the same general sort of results as to the time lag in 
beginning reproduction. Some countries would at the present time 
show an even greater lag than the United States. This delay in getting 
started at reproduction in itself accounts in no negligible degree for 
the fact that in general human beings are relatively poor breeders. 
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The reproductive pattern may next be examined from its variation 
aspect. If women followed closely the lower animal pattern it is clear 
that the variation in age of mothers at the birth of their first babies 
should be of nearly the same order of magnitude as their variation in 
age at menarche. 

Now the unweighted average of the standard deviations for age 
at menarche set forth in Table 6 is 1.85 years. By the use of this 
figure and the standard deviation in age at first birth given in Table 4 
there can be set up the following system of differences between variation 
in age at menarche and in age at first birth, the degree of variation 
in both cases being measured by the standard deviation. 


Differences in variation (years) 


Group First live births First stillbirths 
Native white 2.86 3.72 
Foreign-born white 3.03 4-05 
Colored 2.42 2.85 


These figures indicate that the American primiparae of 1930 ex- 
hibited on the average much greater variability in age at their first 
births than the general average variation recorded for age at menarche. 
In this respect the colored primiparae, as before, came nearest—though 
still a long way off from—the primitive animal pattern of repro- 
ductivity. 

How great these differences in variability are relatively may be 
shown by translating them into percentages as follows: 


Percentage Differences 


Group First live births First stillbirths 
Native white 154.6 201.1 
Foreign-born white 163.8 218.9 
Colored 130.8 154.1 


Thus it is seen the present practice of American women in re- 
production leads to a variation in age at first birth that is from 131 to 
219 percent greater than the general average variation in age at 
menarche. 

Table 7 gives the biometric constants for total duration of repro- 
ductive life in four series of women—all that I have collected from 
the literature up to the time of writing. In all these series the total 
duration of reproductive life in an individual woman is taken to be 
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the same as duration of her menstrual life—the difference in years 
between her ages at menarche and menopause respectively. The data 
in the table are arranged in descending order of mean values. 

Table 7 is striking in its regularity and slight inter-group diversity. 
One concludes from it with considerable confidence that, on the 
average, the human female is theoretically capable of reproduction 
over a span of about 32 years. This figure gives an interesting indi- 
cation of how closely the rare women who produce in their reproductive 
life times 24 to 29 or so births approach to the physiologically possible 
limit. A few such women appear in each annual report on birth 
statistics. 

On the primitive animal pattern of reproductivity it is clear that, 
except for the influence of a true physiological decline in innate 
fecundity and fertility with advancing age, the variation in age of 
women at births of all parities taken together should be of generally 
the same order of magnitude as variation in total duration of menstrual 
life. By taking the unweighted average of the standard deviations 
of Table 7 it appears that this latter value is represented by a scatter 
of 4.74 years. 

A comparison of this figure with the standard deviations of Table 
5 leads to the following system of differences between the variability 
in duration of reproductive life, on the one hand, and in age of mothers 
of all parities producing offspring in a particular year, on the other hand. 


Differences in variation (years) 


Group Live births Stillbirths 
Native white 1.68 2.54 
Foreign-born white 1.63 2.12 
Colored 2.05 2.43 


It thus appears that the women bearing offspring in 1930 were 
considerably more variable in age at the time of the event than women 
in general are in respect of duration of their total reproductive life 
span. It seems reasonable to suppose that whatever progressive dimi- 
nution in innate fecundity and fertility with advancing age there may be, 
would have the tendency to reduce the variability in age exhibited by 
women of all parities bearing children in a particular year (because 
it would tend to relative under-representation of higher as compared 
with lower ages). If this is so the differences shown above need no 
correction on account of this factor, because as they stand they repre- 
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sent at least minimal departures from the primitive animal repro- 
ductivity pattern. How great these departures are relatively is shown 
by the following percentages : 


Percentage Differences 


Group Live births Stillbirths 
Native white 35-4 53-6 
Foreign-born white 34.4 44.7 
Colored 43-2 51.3 


So then it appears that the women bearing children in 1930 were 
from 34 to 54 percent more variable in age than women in general are 
in respect of the total duration of the physiologically possible repro- 
ductive span. These are not as large departures from the primitive 
animal reproductivity pattern as those exhibited by the primiparae, 
but still considerable. 

To summarize briefly the discussion in this section it may be said 
that the women in the U. S. Birth Registration Area bearing children 
in 1930 showed a pattern of reproductivity widely divergent from that 
exhibited by. mammals lower in the evolutionary scale, in all respects 
tested. The divergences were greatest in the performance of primiparae. 
Among the nativity-race(color) groups the colored came closest to 
the animal pattern, so far as concerns primiparae, and on the whole 
farthest from it in the one respect in which the behavior of women 
of all parities were tested. Further light on the latter point will 
appear in a later section. 


IV. ADEQUATE REPRODUCTIVITY 


Up to this point the discussion has been centered chiefly about 
primiparae, with women of other parities brought in for purpose of 
comparison. It has been shown that from roughly 23 to 40 percent 
of the women bearing products of conception in 1930 were primiparae, 
an obviously high proportion when viewed from the angles of race 
survival and population growth. These figures take on a still more 
ominous cast when it is remembered that a definite though not now 
precisely ascertainable proportion of these primiparae will never bear 
any more children. It is evident that unless a woman produces more 
than one child in her life time she is not adequately reproducing even 
herself, to say nothing of her family (self and consort) or her strain. 
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Many years ago in discussing reproduction and survival in the domestic 
fowl the present writer® pointed out the necessity of considering 
mortality before reproductive life began in appraising net adequate 
reproductivity, and developed a survival index number for the quanti- 
fication of such appraisal. In recent years this general concept of 
net effective reproductivity has been applied by various students to the 
human situation. Notably Dublin and Lotka’ have developed this 
field extensively and accurately. One of their conclusions was that for the 
population constituted as it was in 1920 and with prevailing mortality 
rates, there would be required 3.15 children per fertile married female 
just to maintain the population at a stationary level. 

On this and other general grounds it seems a fair postulate to say 
that if, in a given year, a women produces her fourth living child, 
she may be regarded as having adequately reproduced. On the basis of 
this postulate we may proceed now to examine the question as to 
what proportion of the women of different ages reproducing in 1930 
had, with their performance of that year, completed the demonstration 
of adequate reproductivity as postulated. 

As the first step Table 8 is presented. The coverage of this table is 
clearly stated in its caption. 

If the figures of Table 8 give, as they do, the percentages of 
women who in 1930 bore their first, second, or third live birth, it follows 
that the differences, cell for cell, between the percentages set forth 
in Table 8 and 100 will give the percentages of all women overtly 
fertile in 1930 who in that year produced either their fourth living birth, 
or a living birth of higher parity order. In short, proceeding in this 
way, Table 9 exhibits the proportion of women who had completed the 
demonstration of their adequate reproductivity. 

From the totals of Table 9 it appears that in round figures about 
29 percent of all the native white women reproducing in 1930 were 
having their fourth or higher order birth, counting live births only in 
both cases, while about 40 percent each of the corresponding foreign- 
born and colored women were in the same position. In other words, 


*Pearl, R. Studies on the physiology of reproduction in the domestic fowl. 
XVII. The influence of age upon reproductive ability, with a description of a 
new reproductive index. Genetics, Vol. 2, pp. 417-432, 1927. 

"Dublin, L. I., and A. J. Lotka. On the true rate of natural increase as ex- 
emplified by the population of the United States, 1920. Jour. Amer. Stat. Assoc. 
Vol. 20, pp. 305-339, 1925. This pioneer paper has been followed by others by 
the same authors, jointly and separately, that should be consulted. 
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TABLE 8 


Percentages of all live births in 1930 (of recorded mother’s age and 
parity) that were either first, second, or third births 














MOTHER’S AGE TOTAL NATIVE FOREIGN-BORN COLORED 
(years) WHITE WHITE WHITE 

10-14 100 100 100 100 
15-19 0.4 0.4 0.7 1.2 
20-24 92.1 92.1 92.0 79.1 
25-29 70.9 70.2 75-4 40.6 
30-34 48.0 47.5 50.7 21.0 
35-39 27.8 28.4 25.6 11.6 
40-44 15.1 15.9 12.5 6.7 
45-49 9.0 9.4 78 5-5 
50 and over 20.2 23.7 10.7 14.6 

All ages together 69.26 70.67 59.65 59.74 

TABLE 9 


Percentages of all live births in 1930 (of recorded mother’s age and 
parity) that were fourth births or of higher order of parity 

















MOTHER’S AGE TOTAL NATIVE FOREIGN-BORN COLORED 
(years) WHITE WHITE WHITE 
10-14 0 0 rs) 0 
15-19 0.4 0.4 0.7 1.2 
20-24 7.9 7.9 8.0 20.9 
25-29 29.1 29.8 24.6 59.4 
30-34 52.0 52.5 49.3 79.0 
35-39 72.2 71.6 74.4 88.4 
40-44 84.9 84.1 87.5 93-3 
45-49 91.0 90.6 92.2 04.5 
50 and over 79.8 76.3 89.3 85.4 
Allagestogether 30.74 .02 20.33 + .02 40.35 + .07 40.26 + .07 
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over a tenth part more of the women in their respective classes had at- 
tained adequate reproductivity among the foreign-born white and the 
colored groups than was the case among the native-born whites. Put in 
another way, it may be seen by comparing the “all ages together” per- 
centages of Table 1 and 9 that whereas the native white women produc- 
ing live births in 1930 had 4.05 percent fewer fourth and higher parity 
births than they did first births, the foreign-born white had 16.01 percent 
more fourth and higher parity births than first births, and the colored 
had 11.28 percent more fourth and higher parity births than single 
births. The moral of these figures from the population view point, 
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both as to quantity (survival) and as to what the eugenist is pleased 
to regard as “quality” composition, is evident without further elabora- 
tion. 

The age differentials in respect of adequate reproductivity are 
interesting. To make the facts more apparent Figure 3, plotted from 
the data of Table 9 is presented. 

The most striking thing about the age distribution of adequate re- 
productivity is the marked contrast between the white and the colored 
women. While only just under 8 percent of the former in the age 
group 20-24 years were having their fourth or higher parity live birth 
nearly 21 percent of the latter were so doing. In the next higher age 
class (25-29 years) just slightly under 60 percent of the colored women 
had completed their proof of adequate reproductivity, as against about 
half as many relatively among the white women. Over three-quarters 
of the colored women aged 30-34 years were quadriparous or better, 
as against only a little more than half the white women in the same 
period. In every age period of reproductive life the percentage of 
of IV- and higher-parous women is greater among the colored than 
among the white. The adequate reproductivity age curves of the native 
and foreign-born white women do not differ very markedly from each 
other throughout their courses. 


V. PARITY-AGE CONTOUR SURFACES 


Tables 10-12 inclusive define the contour surfaces of the observed 
statistical probabilities relative to mother’s age and parity order of 
birth for live births in 1930, for native whites, foreign-born whites, 
and colored respectively. The entries in the tables are chances in 100, 
and each table therefore sums to 100 in the lower right hand corner. 
It will be seen that in order to avoid numerical pedantry and expense 
of publication, decimals have been ruthlessly cut off, with the result 
that summations are not exact. The marginal column and row entries 
have been computed from marginal totals of the absolute numbers, 
rather than by summation of the inner cell percentages. 

Tables 10-12 present a detailed view of the distribution of live 
births by parity and mother’s age, and make it possible to answer a 
great number of questions about the general pattern of group repro- 
ductivity in this country at the present time. 

The differences between the three nativity-race(color) groups are 
marked. While in the native white group 12.4 percent of all live births 
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TABLE Io 
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Contour surface for live births of 1930 to native white mothers, 
by age and parity. Entries are chances in 100 














A MOTHER’S AGE (years) 
4: 
5 a soand Allages 
< %& 10-14 I5-I9 20-24 25-29 30-34 35-39 40-44 45-49 over together 
1 0.08 98 14.4 6.2 2.1 0.7 .I 0.008 0.0004 33.38 
2 .0003 2.2 98 6.7 3.0 1.0 2 .008 .0003 22.88 
3 3 47 50 29 1.2 2 OI .0004 14.40 
4 04 18 3.5 2.5 1.3 g OI .0003 9.40 
5 .007 g sa 2.1 1.2 3 .02 .0006 6.36 
6 .002 a: ees 1.7 2 3 02 .0004 4.46 
7 03 «5 1.2 1.1 3 .02 .0003 3.10 
8 a 5 7 9 3 03 .0004 2.19 
9 .004 .05 4 e 3 03 0005 1.48 
ae .002 .02 2 5 3 03 .0004 .99 
II 002 .008 .07 3 2 03 .0003 60 
12 .003 -.03 I 2 02 0001 .36 
13 Or Or .07 .09 02 .0001 19 
14 .0006 .007 .03 05 oI .0003 10 
I5 .0005 .003 OI .03 .007 .00006 = .05 
16 .0002 .00I .007 OI .004 .03 
17 .0007 .003 .007 .002 Re) 
18 .0002 .002 .003 .0008 005 
19 .00OI 00! .0O1 .0003 .003 
20 .00006 .0003  .00I .0OOI .OOI 
21 .00006 .0006 .000I .0008 
22 .000I .00006 .00006 .0003 
23 .0002 0002 
a4 .0003 .0003 

All 

pari- 

ties to- 

gether 0.08 12.37 31.38 25.49 16.89 10.19 3.31 0.29 0.0048 100 
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TABLE 11 


Contour surface for live births of 1930 to foreign-born white mothers, 
by age and parity. Entries are chances in 100 
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A MOTHER’S AGE (years) e 
S = 
Es 2 
53 soand Allages : 
< & 10-14 I5-19 20-24 25-29 30-34 35-39 40-44 45-49 over together < 
I 0.007 2.7 99 7.7 2.9 1.0 0.2 0.01 wee an 
2 6 se 6s 4.5 1.6 a .02 .0004 20.62 
3 I 24 5.0 4.6 2.1 4 .03 0009 14.68 
4 02 10 3.1 3.6 2.3 5 04 002 10.70 
5 002 4 18 2.7 2.1 6 .04 .0O1 7.65 
6 0004 .I 1.0 2.0 2.0 me 05 ooI 5.85 
7 ee 04 .5 1.4 1.8 ES .06 .0009 4.47 
8 waka a 3 1.0 1.6 sf .07 .0O1 3.59 
9 sales .008 .08 5 1.3 J .06 2.77 
10 .0OI .04 3 1.0 R .07 OO! 2.07 ' 
II .004 .OI 6 £ .07 .0004 1.32 1 
12 006 .07 3 4 .06 .0004 86 , 
13 002 .02 2 2 05 0004 .49 : 
14 0009 .OI 09 a .03 .27 ' 
15 .003 03 .08 .02 0009 14 
16 .0OI .02 04 OI .08 ‘ 
17 0009 ~=.009 02 007 03 
18 002 005 OI 002 0004 02 
19 alas 004 .002 .006 : 
20 .0009 .002 002 0004 .006 . 
aI 0009 .0004 .OO1 
22 0004 .0004 .0004 .0004 .002 ; 
23 0004 .0004 .0009 002 ’ 
25 
26 - 7 
27 -0004 0004 
All ae 
pari- All 
ties to- _ 
ties 


gether 0.0065 3.41 19.35 27.60 23.76 18.22 6.95 0.70 0.012 100 
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TABLE 12 


Contour surface for live births of 1930 to colored mothers, 
by age and parity. Entries are chances in 100 














5 MOTHER’S AGE (years) 
o f 
Rf 
oh Soand Allages 
= & 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 over together 
1 06 16.0 9.2 2.1 0.7 0.3 0.05 0.006 0.0004 28.98 
2 .002 48 89 628 9 3 05 .007 .0008 17.82 
3 1.0 68 3.4 1.2 e .08 OI OI 12.904 
4 a 39 3.7 1.5 6 I OI .002 9.04 
5 04 7 33 1.8 8 2 02 .0008 = 7.83 
6 OI 6 2A 1.9 9 a .02 OOI 6.11 
7 0004 2 1.4 87 1.0 2 02 002 4.60 
8 e B 1.4 1.1 2 04 .002 3.62 
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13 OI .07 3 c .04 .0008 57 
14 006 §=.05 I I 04 .0004 .36 
15 .004 .02 .08 .08 .02 .0004 .20 
16 .0OI .009 .04 .04 .02 .0004 10 
17 .004 .02 .02 .007 .0008 05 
18 .003 .008 .009 002 to eS .02 
19 .0008 = 005 004 .003 .0004 OI 
20 005 Se - hee .009 
21 .0O1 .003 .0004 005 
22 .0008 = .0008 .002 
23 Se -pihiee.| dices .0008 
24 .0004 .0004 .0004 .OO1 
25 .0008 .0004 .OOI 
26 pias hated 
27 .0008 .0008 

All 

pari- 

ties to- 


gether 0.61 22.08 31.50 20.64 13.04 8.96 2.73 0.42 0.02 100 
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in 1930 were produced by mothers under 20 years old, only 3.4 per- 
cent were produced in the foreign-born white group by mothers under 
20. In the colored group, on the other hand, 22.7 percent of all live 
births were to these young women under 20. Equally striking are the 
differences at the other end of the age scale. Women aged 35 and 
over produced, in the native white group, 13.8 percent of the live births, 
but in the foreign-born white group this percentage was 25.9, nearly 
twice as great; while in the colored group it was only 12.1. 

The extreme concentration of reproductivity within a small area 
of the whole contour surface is apparent in all these tables. The 
degree of this can be illustrated in the following way. If we take the 
9 cells in each table (a 3 X 3 cell square), representing the highest 
concentration of reproductivity relative to both parity and mother’s 
age, the boundaries of the square are, for both native and foreign-born 
whites ages 20-34 and parities 1-3, and for colored are ages 15-29 
and parities 1-3. Within these squares are concentrated 54.8 of all live 
births to native white mothers, 50.6 percent of all live births to foreign- 
born white mothers, and 55.0 percent of all live births to colored 
mothers. In other words it appears that, in general, a little more than 
half the effective reproductivity takes place during a little less than 
half the average total reproductive span. The other half of the total 
reproductivity is widely and much more diffusely scattered over the 
outlying ages and parities. Looking at the matter in another way it 
appears that over half the live births of 1930 represented something 
less than adequate reproductivity up to that time on the part of the 
mothers (III-para or less). 

On the parity side of the picture the tables show that in the native 
white group over go percent of all the live births are of parity 6 or below. 
But in the foreign-born white and colored groups only 84 percent of 
the live births are of parity 6 or below. These latter two groups definitely 
tend to have larger families than the native whites. Another way in 
which this can be shown from the tables is this: just under one live birth 
in 100 to native white mothers was a tenth live birth, but just over 
two live births in 100 to foreign-born white and colored mothers was 
a tenth live birth. 

Tables 10-12 analyze the live births by parity and age for each 
nativity-race(color) group separately. But there are so many more 
native white mothers in the country as a whole than there are either 
foreign-born white or colored, that from the point of view of popu- 








Contour surface for live births of 1930 to all mothers (native white, foreign-born white, and colored) by age and parity. Entries are 
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lation composition and growth the reproductivity of the former group 
is overwhelmingly more important absolutely than that of either of the 
other two groups. In order to give a clear view of this point Table 13 
is presented. This table takes all the live births of the year 1930 as 

100 and distributes them by nativity-race(color), parity, and mother’s 
age. 

. From Table 13 it is seen that if a person were given no further 
information than that a particular live baby had been born in the 
Birth Registration Area in 1930, he could say that there were 11 chances 
in 100 that that baby had a foreign-born white mother, and 12 chances 
in 100 that it had a colored mother. If the additional information 
were given that it was the mother’s fifth live birth and that she fell 
in age between 25 and 29, he could say that there was a chance of 1.7 
in 100 that the mother was native white, as against a chance of only 4 
in 1000 that the mother was colored. And so on, over the whole table. 

Attention has been called above to the fact that the foreign-born 
whites and colored mothers reproducing in 1930 were making contri- 
butions by their births of that year to larger already existing families 
than were the native whites. Table 13 makes this still more apparent and 
suggests putting it in a more striking form. This is done in Table 14. 

Table 14 is to be read in the following way: the native white 
mothers of 1930 produced 8.1 times as many live births of parities 


TABLE 14 


Ratios of the absolute numbers of live births in 1930 of defined 
parity orders between (a) native white and foreign-born white 
mothers, and (b) native white and colored mothers. 








LIVE BIRTHS NATIVE WHITE NATIVE WHITE 
OF a — 
PARITIES FOREIGN-BORN WHITE COLORED 

I- 3 8.1 7.5 

4- 6 5-7 5-4 
yal 4.3 4.0 
10-12 3.1 2.9 
13-15 2.7 2.1 
16-18 2.3 1.8 


19 and over 2.2 1.0 
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1-3 inclusive as did foreign-born white mothers, but only 5.7 times 
as many live births of parities 4-6 inclusive. And so on for other 
cells. The essential point brought out by Table 14 is that as the 
order of the live births of the year increased, the relative superiority 
of the native white group over the other two nativity-race(color) 
groups in respect of absolute contribution to the reproductivity of the 
year steadily and smoothly declined. 


(To be Continued ) 
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THE DISTRIBUTION OF SEX RATIOS WITHIN 
FAMILIES IN AN OHIO CITY 


STUDIES IN HUMAN INHERITANCE, XVI. 





BY D. CECIL RIFE AND L. H. SNYDER 
Department of Zoology, Ohio State University 


E determination of sex is a favorite topic for popular 
Although pny? have clearly demonstrated 


ie upon the type of sex chromosome present in the sperm, the 
general public is skeptical and numerous other theories of sex deter- 
mination are in vogue. The fact that it is possible to reverse the sex 
in numerous plants by altering certain environmental conditions, such 
as length of day, type of nutrition and moisture supply has possibly 
increased this skepticism. Undoubtedly in the past biologists have 
been too dogmatic in asserting that the sex of an individual depends 
entirely on the type of sex chromosomes present. Present day ge- 
neticists are more of the belief that the sex of an individual is deter- 
mined, under ordinary environmental conditions, by genetic factors 
located on both the autosomes and sex chromosomes, the number and 
kind of sex chromosomes in relation to the number of autosomes 
present in an individual determining whether the individual will possess 
a preponderance of factors for maleness or femaleness. Thus sex is 
quantitative rather than qualitative, and by changing environmental 
conditions sufficiently the sex may also be shifted. While numerous 
cases of sex reversal are known in plants, they are quite rare in 
higher animals. 

If in man sex is determined at the time of conception, depending 
upon whether the sperm carries an X or a Y chromosome, and the 
environment plays little or no part in the sex determination of the 
individual, then the ratios of girls to boys within families in the general 
population should give normal distributions. Thus we could predict 
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how frequently in families of any given number of children we should 
obtain all boys or all girls, or any given ratio of boys to girls. If such 
a population study should reveal that the boy-girl ratios do not follow 
a normal distribution, we could be reasonably certain that factors other 
than the chance meeting of sperm and egg play a part in the deter- 
mination of sex in human beings. 

In order to obtain information in regard to sex ratios within families 
a population study, the results of which are recorded in this article, 
was made in Grandview Heights, a city of between six and seven 
thousand population, located near Columbus, O. The entire population 
is white, and the parents are of both native and foreign extraction, 
predominantly native. The social-economic status is undoubtedly 
higher than that of the average American city, there being no slum 
district. 

The information recorded here was obtained by a house to house 
canvas. Because of the greater mortality of boys than of girls in 
infancy, our calculations are based on children born, rather than on 
living children. Wherever one or more parents were living, the total 
number of births was recorded, regardless of age, habitat or marital 
state of the offspring. Thus in some homes, where three generations 
were living, it was possible to record the offspring of two sets of 
parents. Remarkable codperation was obtained, information being 
withheld in only two instances. Names and house numbers were not 
recorded, and this may have been a factor in the general willingness 
to cooperate. 

A total of 1760 homes were visited, but in 117 homes it was im- 
possible to obtain the desired information, due to absence of the oc- 
cupants or inability of those present to give accurate data. The in- 
formation obtained from the 1643 families interviewed is as follows: 


Total families interviewed—1643 


No children 322 


One child me cares { 


Two children ae 1 boy, 1 girl 234 


2 girls 109 














SEX RATIOS IN FAMILIES 


Total families interview—=1643 (continued) 


Three children me sccun 1 boy, 


Four children Oe curwas 2 boys, 


Five children  sasexe 


5 girls 


{6 boys 
5 boys, 
4 boys, 
Six children SP ceed 4 3 boys, 
2 boys, 
I boy, 
6 girls 





(6 boys, 
5 boys, 
"hanes 4 boys, 
} 3 boys, 

2 boys, 
I boy, 


Seven children 





6 boys, 
5 boys, 
4 boys, 
3 boys, 


Eight children » ateas 


7 boys, 
Nine children i acai 5 boys, 


3 boys, 


Tenenmires  Blkneses 





1 girl 
2 girls 


I girl 
2 girls 
3 girls 


I girl 
2 girls 
3 girls 
4 girls 


I girl 
2 girls 
3 girls 
4 girls 
5 girls 


I girl 
2 girls 
3 girls 
4 girls 
5 girls 
6 girls 


2 girls 
3 girls 
4 girls 
5 girls 


2 girls 
4 girls 
6 girls 





“NW 
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Total families interview=1643 (continued) 


: boys, 4 girls 2 
ie Bik 7 
Eleven children 3 { Stak, nit s 
Twelve children o 
Thirteen children oO 
Fourteen children ries 5 boys, 9 girls : 
3 boys, 11 girls I 
SORE GEE a vcniccccecccens 3072 
5 ere eee 1551 
So Ere 1521 


Sex ratio—101.97 males to 100 females 


The United States Census for 1930* shows a ratio of 102.5 males 
to 100 females, a ratio close to that obtained in our own investigation. 
An inspection of the ratios within families shows that they approach 
a normal distribution. In the families of five or less children the 
numbers are sufficient to enable a statistical analysis. Thus, if we 
allow p to represent the proportion of males, and gq the proportion 
of female offspring in the population studied, we find; 


P+q=! 

p = -505 

q = -495 
If m = the number of offspring in the family, then (p + q)" = ?” 
(all males) + mp”~* q* (n—1 males, 1 female)...... q” (all females). 


Applying this method to families of five and less offspring, we find 
the following actual and predicted ratios of males to females within 
families : 


No. offspring Ratio 2 to? Actual Predicted 
I 13 .506 505 + .o1st 
192 .404 495 = .O15 
(24 251 -255 + .014 
2 133 1Q .510 .500 + .o16 
22 .239 245 + .013 


*Fifteenth census of the U. S., Population, Vol. II. 
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SEX RATIOS IN FAMILIES 





No. offspring Ratio 3 to 9 Actual Predicted 
3¢ -120 129 + .014 
2$ 1 -374 379 + .021 
3 13 29 386 371 + 021 
32 -I20 -I2I + .O14 
436 055 .066 + .017 
36 1Q .244 255 + .031 
4 2é 22 410 375 + .034 
1g 32 211 244 + .030 
42 .066 060 + .016 
(sé .020 033 + .016 
4é 1Q 163 163 + .035 
5 3é 22 .286 316 + .044 
: 23 32 326 309 + .043 
1g 42 143 150 + .031 
52 061 029 + .016 
$P.E.=.6745, | pq 
n 





The distribution of sex ratios within families of five or less offspring 
corresponds very closely with that predicted. In only three instances 
does the discrepency between the actual and the predicted exceed the 
probable error of the predicted, and in no instance is it greater than 
twice the probable error. The findings of this research indicate that 
the sex of an individual is determined on a purely chance basis. 





§ a 








NOTES 
A HISTORICAL ERROR CORRECTED 


=|N A monograph! recently published by the German Statis- 
tical Office, in connection with the latest German life table, 
i} the fundamental equation for the true rate of natural 


===] increase 
[i= -_ ef 2dx 


oO 





is credited to L. v. Bortkiewicz. 

This is an error probably traceable to the publications of R. 
Kuczynski. That it must be an error is clear from the fact that 
Bortkiewicz nowhere introduces into his discussion or into his formulae 
fertility function? f,, without which it is of course impossible to 
determine the true rate of natural increase r by the formula cited or 
by any other formula. 

In his recent book, The Measurement of Population Growth, 
Kuczynski repeats this error of his earlier publications. He remarks 
(p. 226) “Bortkiewicz had come to the conclusion that a population 
constantly subject to the same mortality and with a constant rate of 
increase must ultimately become stable, that is to say have a stable age 
composition, a stable birth rate and a stable death rate.” 


*Neue Beitrage zum deutschen Bevélkerungsproblem, Berlin 1935, p. 79. In 
the footnote (2) on this page of the monograph the year of publication of the 
formula in the Journal of the American Statistical Association is also incorrectly 
stated as 1929—the actual date of the publication was 1925. The formula was 
first given by Sharpe and Lotka in Phil. Mag. 1911, vol. 21, p. 435. 

*Kuczynski himself admits this in his otherwise misleading account of the 
history of the concept of the “stable” population in Fertility and Reproduction, 
Falcon Press, 1932. On page 43 of this we read: “He (Bortkiewicz) does not 
touch fertility at all.” 
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What Bortkiewicz® actually did show is that if the age distribution 
in a closed population is constant, and if the mortality is in accordance 
with a constant life table, then the population must be increasing at 
a constant rate per head.* 

In other words, what Kuczynski states as a conclusion of Bort- 
kiewicz’s article, was actually Bortkiewicz’s hypothesis, and what 
Kuczynski states as Bortkiewicz’s hypothesis was actually his con- 
clusion. 

On page 224, Kuczynski says: “He (Bortkiewicz) starts from the 
stationary population according to the German life table for 1891- 
1900 and shows what will be the ultimate age composition, that is the 
age composition of the stable population, if the population increases 
every year by 7, 14, 21 or 28 per thousand.” Here again Kuczynski 
either has misunderstood or misinterpreted Bortkiewicz. The latter 
does not “start from the stationary population......... 5 and show 


*L. v. Bortkiewicz: Die Sterbeziffer und der Frauen-iiberschuss in der station- 
aren und in der progressiven Bevdélkerung, Bulletin de I’Institut International de 
Statistique, 1911, vol. XIX, No. 1, pp. 63-138. Bortkiewicz’s wording regarding 
the assumptions underlying his development are perfectly clearly stated in his 
opening paragraph which I quote here verbatim, together with the second para- 
graph which closely bears on the first. 

“Den nachfolgenden Darlegungen liegen drei einschrankende Voraussetzungen 
zu Grunde. Es wird angenommen: 1. dass in der Bevélkerung eine unverander- 
liche Absterbeordnung herrscht; 2. dass die Altersverteilung der jeweilig 
Lebenden ebenfalls unveranderlich ist, und 3. dass keine Ein- und Auswanderung 
stattfindet. 

“Demnach erscheinen die “statidnare” und die “progressive” Bevdlkerung in 
dem Sinne, wie diese Termini hier gebraucht werden, gleichsam als Idealtypen, 
denen die Wirklichkeit niemals genau entspricht, denen sie aber um so naher 
kommt, je unerheblicher die thatsachlich vor sich gehenden Wandlungen der 
Absterbeordnung und der Altersverteilung und je geringer, relativ genommen, 
die Zahlen der Ein- und Auswandernden sind.” 

‘If for a population having a constant life table and a constant age distribution 
the rate of increase is known, then the age distribution can be calculated. But 
Bortkiewicz tells us nothing that would enable us to compute the unknown ultimate 
rate of increase of a population which has a variable, not a constant age 
distribution. 

*Kuczynski’s misunderstanding is perhaps based on a passage in Bortkiewicz’s 
French summary, in which, on page 140, he speaks of “calculer, en partant d’une 
table de survie determinée, quel serait le taux de mortalité dans une population 
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what will be the ultimate stable population.” What he does is to 
compute the age distribution in a population, which for a long time 
past has had a given mortality (life table) and a constant rate of 
natural increase per head, of arbitrarily assumed values (7, 14, 21, 28); 
and Bortkiewicz then shows that the age distribution so computed, on 
the basis of the actually observed rate of natural increase, namely 14 
per thousand in Germany at the time cited, agrees well with the observed 
age distribution. 

All this was old in the literature (which Kuczynski fails to point 
out); precisely the same reasoning had been applied and the same 
conclusions and formulae reached by Lotka in 1907, and his results 
had been compared and found to agree with the age distribution of 
England and Wales, 1871-1880, in precisely the same manner that 
Bortkiewicz had compared his computed age distribution with that of 
Germany. 

Nowhere in Bortkiewicz’s paper is there any mention of age-specific 
fertility. This in itself makes it quite clear that Bortkiewicz could 
not have computed the stable rate of natural increase. What happened 
is that he struck a population in which the actual rate of natural in- 
crease was the same as the stable rate, because at the period of his 
example the rate of natural increase had for many years been approxi- 
mately constant. 

If Bortkiewicz had really done what Kuczynski in the passage cited 
declares that he did, namely started from a stationary population and 
showed what would be the ultimate age distribution, what need was 
there for Kuczynski to go through the agonizing labor of testing the 
process of approach from the life table age distribution to the stable 
age distribution, as described by him in his Numerical Example® 
covering 15 pages of closely printed figures? 


soumise a cette table de survie et augmentant reguliérement d’année en année dans 
telle ou telle proportion.” 

The words “sn partant d’une table de survie determinée” do not mean “starting 
from a stationary population,” but “on the basis of a given life table.” Even to 
one who might have failed to understand the French idiom here, the meaning must 
be clear not only from the entire context, but also from the closing clause of the 
sentence “dans une population soumise a cette table de survie, et augmentant 
reguliérement d’année en année.” A stationary population does not increase 
regularly from year to year. 

*R. Kuczynski. Fertility and Reproduction, Falcon Press, 1932, p. 65. 
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Actually this test was unnecessary in any case. Perhaps, however, 
it has served the useful purpose of showing how Kuczynski’s own work 
contradicts his statements regarding Bortkiewicz. 

It should further be remarked that Kuczynski’s statements cited 
above from his page 226 is inherently absurd, for if a population has 
a constant rate (per head) of natural increase, a constant age-specific 
mortality, and a constant age-specific fecundity, it is in the “stable” 
age distribution from the very start, and to say that it will ultimately 
become stable is futile. 

The word “age-specific,” and the words “and a constant age-specific 
fecundity” are not in Kuczynski’s original and have been inserted by 
me in the preceding paragraph; but they are evidently to be understood, 
for unless they are so inserted there is no basis whatever for the 
statement that the population will approach a stable age distribution. 

If to Dr. Kuczynski the substitution of a converse theorem for 
the original seems a logical operation, let him be reminded that the 
truth of a converse by no means follows from the original theorem, 
and, in this particular case, that the proof of the ultimate approach to 
the stable age distribution and its concomitant characteristics requires 
methods fundamentally different from anything to be found in Bort- 
kiewicz’s paper. This must be abundantly clear to anyone who takes 
the trouble to examine the pertinent publications, from the first crude 
approach by Euler (based on highly unrealistic assumptions, and quite 
inapplicable to actual statistical data), through the publications of A. 
J. Lotka, J. B. S. Haldane, H. T. F. Norton, R. A. Fisher, S. Wicksell, 
F. Bonz and F. Hilburg, to mention only a few of the authors who 
have written competently on this subject. 

Since the erroneous presentation of the history of this case has 
filtered through from Kuczynski’s writings into responsible publications, 
as in the case cited in the opening paragraph, it seemed desirable to 
draw attention to these facts. 

ALFRED J. LoTKa 
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